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et al., 2005). It is known that oxygen is initially
converted to superoxide anion (Oy), one of several
reactive oxygen species (ROS), by electron leak-
age. This occurs primarily from complex III of the
electron transport system present in mitochondria
and constitutes the major endogenous source of
ROS (Turrens et al., 1985; Lenaz, 1998; Finkel
and Holbrook, 2000; Raha, and Robinson, 2000).
Such endogenously generated ROS readily attack a
wide variety of cellular entities, resulting in dam-
age that compromises cell integrity and function
(Vuillaume, 1987; Collins et al, 1997). We found
that the Rhei Rhizoma has a role of anti-oxidant,
which suppress O, generation from mitochondria
and extends the life span of C. elegans.

Materials and Methods

1. Materials

C. elegans, wild-type and a fer-15 (hcl5) mutant
strain were obtained from the Caenorhabditis Ge-
netics Center, University of Minnesota. Animals
were cultured on nematode growth medium
(NGM) agar plates seeded with the Escherichia
coli (E. coli) strain OP50 at 20°C as previously
described (Brenner, 1974). Embryos (eggs) were
collected from young adult hermaphrodite on
NGM agar plates using alkaline sodium hypochlo-
rite (Emmons et al., 1979). The released eggs were
allowed to hatch by overnight incubation at 20°C
in S basal buffer {100 mM NaCl, 50 mM potas-
sium phosphate (pH 6.0)] (Sulston and Brenner,
1974).

Kampo medicines: daisaikoto, shosaikoto,
saikokeishito, orengedokuto, tokishakuyakusan,
keishibukuryogan,  shigyakusan,  hochuekkito,
rikkunshito, shichimotsukokato, chotosan,
Juzentaihoto, seihaito, daikenchuto, goshajinkigan,
saireito.

Crude drugs: Paeoniae Radix, Cinnamomi
Cortex, Moutan Cortex, Glycyrrhizae Radix,
Ginseng Radix, Zingiberis Rhizoma, Bupleuri
Radix, Scutellariae Radix, Rhei Rhizoma,
Ephedrae Herba.

These Kampo medicines and crude drugs
were kindly provided by the Tsumura Company.

2. Measurement of life span

NGM agar medium plates seeded with the E. coli
strain OP50 as already described (Honda et al.,
1993; Adachi et al., 1998; Ishii et al., 1998) were
used for both growth and determination of the life
spans of wild-type and fer-15 mutant hermaphro-

dites. 5-fluoro-2’-deoxyuridine (FudR) has been
used after maturation in order to prevent the prog-
eny production of wild type on NGM agar plate
(Mitchell et ar., 1979). S medium (Sulston and
Brenner, 1974) containing Bacto-peptone of vari-
ous concentrations (a standard concentration was
2.5 g Bacto-peptone in 1,000 ml of the medium:
x1) seeded with the E. coli strain OP50 was used to
determine the life spans of the fer-15 mutant in
liquid medium. E. coli strain OP50 was cultured in
500 m! of LB medium [10 g Bacto-tryptone, 5 g
yeast extract, 10 g NaCl, pH 7.0] at 37°C over
night. After centrifugation at 3,000 rpm for 15 min,
the pellet was suspended in 500 ml of the S me-
dium. About 2,000 newly hatched larvae (L1-stage
larvae) were added in 10 ml of the S medium into a
50 ml conical flask and incubated at 25°C for 100
rpm in a shaker (ISF-1-W, Kiihner SHAKER,
Switzerland). It was possible that some test sam-
ples inhibited E. coli growth, thereby affecting C.
elegans life spans. In order to avoid this, a final
concentration of 200 pg/ml! of ampicillin was
added in the S medium after animals reached to
adulthood (4 days after the L1 stage-larvae were
added in the S medium) in order to inhibit the E.
coli proliferation. To measure life span, the
numbers of living and dead animals in 300 ul of
the medium in each flask were counted every few
days.

3. Measurement of body size

Body length and width of animals from L1 stage to
adult stage were measured daily during the six
days after hatching.

4. Isolation of mitochondria

LA-stage wild-type animals were employed for
mitochondrial isolation. A flotation method was
used to remove debris and dead animals from liv-
ing animals (Lewis et al, 1995). In brief, NGM
agar plates were washed and the contents were
suspended in ice-cold S basal buffer and mixed
with an equal volume of ice-cold 60% sucrose.
After centrifugation for 15 second at 3,000 rpm,
the floating animals were transferred to a fresh
tube. They were washed three times with S basal
buffer and once with isolation buffer (210 mM
mannitol, 70 mM sucrose, 0.1 mM EDTA and §
mM Tris-HCI, pH 7.4). The animals were ho-
mogenized in isolation buffer using a teflon ho-
mogenizer. The debris was removed by a differen-
tial centrifugation at 600 x g. The supernatant was
then centrifuged at 7,200 x g and the mitochon-
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dria-containing pellet was suspended in TE buffer
[50 mM Tris-HCI (pH 7.4), 0.1 mM EDTA].
Sub-mitochondrial particles (SMP) were employed
in these experiments because they are known to be
depleted in the mitochondrial superoxide dismu-
tase that transforms superoxide anion to hydrogen
peroxide. SMP were obtained by sonicating
freeze-thawed mitochondria twice for 20 s sepa-
rated by 1 min intervals in a model U200S sonica-
tor (IKA Labortechnik). SMP were washed twice
at isolation buffer and suspend in TE buffer.

5. Measurement of superoxide anion (0)

O, production was measured using the chemilu-
minescent probe MPEC
(2-methyl-6-p-methoxyphenylethynyl-imidazopyra
zinone) (ATTO Co., Tokyo, Japan)(Shimomura ez

al., 1998; Yasuda et al., 2006). MPEC has an ad-
vantage of low background relative to MCLA
(3,7-dihydro-2-methyl-6- (4-methoxyphenol) imi-
dazol [1,2-a)pyrazin-3-one) that is generally used.
5 ug of SMP was added to 1 ml of assay buffer (50
mM HEPES-NaOH, pH 7.4, 2 mM EDTA) con-
taining 0.7 pM MPEC. 5 pg/ml of Rhei Rhizoma
was added in the SMP solution, which was placed
into a photon counter with an AB-2200 type Lu-
minescencer-PSN (ATTO Co., Tokyo, Japan) and
measured at 37°C. The rates of O,” were expressed
as counts per second.

6. Statistical analysis
Statistical analysis was carried out by Student’s ¢
test and Tukey’s multiple-range test.
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Fig. 2. Life spans of wild type N2 (closed circles) and a fer-15
mutant (open circles) grown on NGM agar plates. 100 animals
were measured for each strain at 25°C.
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Fig. 3. Life spans of a fer-/5 mutant grown on NGM agar plate and in S medium containing various concentrations of
Bacto-peptone with (A) and without ampicillin (B). Open circles: on NGM agar plates; open triangles: with a standard concen-
tration of Bacto-peptone in liquid medium; ashen triangle: two-fold Bacto-peptone; closed triangles, four-fold Bacto-peptone.
100 animals were measured from the NGM agar plates. See also Table 1.
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Results and Discussion

1. Development of the system

To develop a low cost and quick assay system us-
ing the free-living nematode, Caenorhabditis
elegans (C. elegans) for identifying Kampo medi-
cines and crude drugs with macrobiotic activity, a
suitable assay was designed and tested. The life
span of a fer-15 mutant was slightly shorter than
the wild type N2 on NGM agar plate (Fig. 2). The
life spans decreased depending on the concentra-
tion of Bacto-peptone in the S medium (Fig. 3A;
Table 1). The presence of ampicillin contributed to
extend life span (Fig. 3B; Table 1), suggesting that
caloric restriction to adult animals resulted in the
extension of life span. Concentrations of
Bacto-peptone in the S medium contributed mark-
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edly to body width but slightly to body length (Fig.
4A and 4B; Table 2A and 2B), suggested that the
diet from E. coli affected to life span and body size.
A four-fold concentration of Bacto-peptone in S
medium gave the same body size of C. elegans
adults as those grown on NGM agar plats (Fig. 4A
and 4B; Table 2A and 2B.). In even
Bacto-peptone of the standard concentration in S
medium, animals appeared to be healthy.

In recent years, anti-aging studies for our
health and longevity have been the subject of in-
tense interest and experimentation. Physiologically
functional nutrition as well as basic nutrition are
especially studied. Our system has the potential to
assist in identifying undiscovered natural endow-
ments or chemicals with macrobiotic activities.

We provide an example of this below.
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Fig. 4. Mean body length (A) and width (B) at different days of development. Open circles: on NGM agar plate; open trian-
gles: with a standard concentration of Bacto-peptone in S medium; ashen triangles: two-fold Bacto-peptone; closed trian-

gles, four-fold Bacto-peptone.

Each symbol with error bars indicates the mean values with the standard deviations from

three separate experiments. 25 animals were measured at each point in each experiment. See also Table 2.

Table 1. Life spans (mean and maximum life spans + standard deviation) of the fer-15 mutant grown
on NGM agar plates and in S medium containing various concentrations of Bacto-peptone with and
without ampicillin. Each value indicates the mean of three separate experiments.

Concentrations of Life span (days)
Bacto-Peptone Ampicillin - -
in S medium Mean life span Maximum life span

x1 + 30.5+2.02 40.3 £4.04
x1 - 24.1 £2.77 32.7+5.14
x2 + 26.9 £1.62 36.7+5.03
x2 - 21.7+2.48 29.7+£4.04
x4 + 21.1+£1.93 27.7+2.52
x 4 - 174+ 1.62 22.7+2.52

On NGM medium - 12.5 +0.31 16.3 £0.58




>

Yamaguchi T et al., A low cost and quick assay svstem using Caenorhabditis elegans, AATEX 1 3(1),1-10,2008

2. The longevity effects of Kampo medicines and
crude drugs

As a preliminary study, the life spans of the 16
Kampo medicines and 10 crude drugs were exam-
ined in S medium containing Bacto-peptone of a
standard concentration and ampicillin. In these
medicines and drugs, 8 different Kampo medicines
(daisaikoto, syosaikoto, saikokeishito, tokisha-
kuyakusan,  keishibukuryogan,  shigyakusan,
shichimotsukokato and daikenchuto) and 3 crude
drugs (Moutan Cortex, Ginseng Radix and Bu-
pleuri Radix) had no effect on C. elegans life span
in the S medium even at high concentrations (Fig.

5A, Table 3A and 3B). Figure 5A showed the result
of saikokeishito as an example of this. On the other
hand, 6 Kampo medicines (orengedokuto, ho-
chuekkito, rikkunshito, juzentaihoto, seihaito, and

saireito) and 6 crude drugs (Paeoniae Radix, Cin-
namomi Cortex, Glycyrrhizae Radix, Zingiberis
Rhizoma, Scutellariae Radix and Ephedrae Herba)
shortened the life span (Fig. 5B, Table 3A and 3B).
Figure 5B showed the result using saireito. The
crude drugs possessed a greater likelihood of de-
creasing life span. While the reason for the life
shorting effect is still unknown, these drugs may
have cytotoxicity through a variety of mechanisms,
including anti-bacterial, anti-viral, detoxication or

Table 2. Growth rates of body length (A) and body width (B) of the fer-15 mutant on NGM agar plates or in S medium
containing a standard concentration of Bacto-peptone. Each value indicates the mean of three separate experiments. Ap-
proximately 25 animals were used in each experiment. Statistic comparisons of body length and width values between on

NGN agar plate and in S medium were determined.

A. Body length (mm)

Survival (%)

Concentrations of Days
Bacto-Peptone
in S medium 1 2 3 4 5 6
x1 0.23 £0.01 0.50 £ 0.01 1.01 £0.07 1.25+0.06 1.31 £0.03 1.33 +0.06
x2 0.23 +£0.01 0.57+0.02 1.11 £0.05 1.37+0.04 1.46 £ 0.02 1.49 £ 0.06
x4 0.23 +£0.01 0.57 £0.02 1.14 £ 0.05 1.52 £0.09 1.59+0.06 1.63 £0.09
On NGM medium 0.24 £0.02 0.59 £0.03 1.22+1.47 1.47 =£0.16 1.59+0.12 1.64 +0.15
B. Body width (um)
Concentrations of Davs
Bacto-Peptone Y
in S medium 1 2 3 4 5 6
x1 17x1 232 42+6 55+£2 59+4 61+2
X2 17+1 24+2 48 +3 64+3 69+ 1 765
x4 17+1 26+2 51+3 75+6 81+4 832
On NGM medium 19+2 32+£2 67 +12 812 89+2 89 +1
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Fig 5. Life spans of a fer-15 mutant in various kinds and concentrations of some Kampo medicines and crude drugs in S
medium containing a standard concentration of Bacto-peptone. Open circles: control; Closed circles: 500 ng/ml; closed
triangles: 100 pg/mi; closed squares 50 pg/ml.
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Table 3. Effects of Kampo medicines (A) and crude drugs (B) on mean and maximum life spans of the fer-15 mutant in S me-
dium containing a standard concentration of Bacto-peptone. Effect showed effect on life span in each concentration of samples
compared to control: -: shorter; =: same ; +: longer. Statistic comparisons of mean life-span values between control and sample

were determined by Tukey’s multiple-range test.

A. Life spans in Kampo medicines

Me- Maxi Me- Maxi
dian mum dian mum
Conc : p r Conc. p - P
Name Life- Life- Effect Name Life- Life- Effect
(g/ml) span span value (1g/ml) span span value
(days)  (days) (days) (days)
0 31.1 39 0 352 46
. 500 316 42 <Q.1 + 500 30.1 39 <0.001 -
d ikot i hi
awsaikote riklaunshito 100 301 46 <0001 -
50 334 46 <0.005 -
0 31.1 39 0 36.1 46
500 323 44 <0.1 + 500 36.5 49 <0.1 +
kot L.
syosaikoto shichimotsukokato 100 351 45 <01 +
50 353 45 <0.1 +
0 352 46 0 36.1 46
saikokeishito 500 358 46 <0.1 *+ hotosan 500 38.0 49 <0.005 +
100 362 48 <01 = chotosa 100 358 49 <01 =
50 351 48 <0.1 + 50 359 49 <0.1 +
0 352 46 0 37.1 46
orengedokuto 500 305 40 <0.001 - . raihor 500 359 45 <0.1
& 100 33.1 46 <0001 - Juzentainoto 100 346 46 <0.05
50 339 46 < 0.05 - 50 34.6 45 <0.02 -
0 313 39 0 36.1 46
3 500 304 39 <0.1 * . 500 30.0 42 <0.001 -
tokishakuyakusan seihaito 100 145 45 <0.02 A
50 34.6 45 <0.05
0 313 39 0 36.1 46
. 500 31.8 42 <0.1 + 3 500 354 46 <0.1 +
keishibukuryogan daikenchuto 100 36.1 45 <0.1 +
50 349 45 <0.1 +
0 313 39 0 319 42
X 500 32.8 43 <0.1 + . 500 30.7 37 <0.005 -
shigyakusan goshajinkigan 100 341 46 <0.002 +
50 321 39 <0.1 +
0 352 46 0 319 42
Ih ekt 500 31.7 43 <0.001 - ireit, 500 238 35 <0.001 -
ochueriio 100 342 46 <01 =+ saretto 100 288 35 <0001 -
50 34.1 46 <0.1 + 50 30.3 42 <0.01 -

defervescence. Of the 26 medicines, high concen-
trations of chotosan, which is employed to treat
headaches, and Rhei Rhizoma, which has stomach
and laxative properties, expanded the life span of C.
elegans (Fig. 5C, Table 3A and 3B). The gosha-

Jjinkigan, which is employed to achieve reversal of
weak physical condition in elderly people, ex-
tended the life span at a concentration of 100
pg/ml, but reduced it at 500 pg/ml. Figure 5C
shows the results using Rhei Rhizoma. Rhei
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Table 3 B. Life spans in crude drugs

Me-  Maxi Me-  Maxi
dian mum dian mum
Conc. . 3 Conc. . . P
Name Life- Life- Effect Name Life- Life- Effect
(1g/ml) span span value (1g/ml) span span value
(days) (days) (days) _ (days)
0 329 39 0 384 49
500 297 35 <0001 - 500 297 45 <0001 -
Pasoni. . o
aeoniae Radix 100 319 37 <ol + || ZnetberisRhizoma 00 343 49 <000l -
50 301 42 <001 ; 50 376 51 <0l +
0 319 39 0 384 49
] , 500 219 44 <0001 - . 500 269 42 <0001 *
Cinnamomi Cortex 100 581 37 <0001 - Bupleuri Radix 100 361 51 <0001 *
S0 272 39 <0001 - 50 355 51 <0001 @+
0 352 47 0 384 49
500 284 39 <0001 + . . 500 223 30 <0001 -
Moutan Cortex 100 . _ i Scutellariae Radix 100 213 10 <0.001 A
50 327 47 <0001 @+ 50 301 45 <0001 -
0 52 47 0 348 42
_ . 500 . - . . 500 296 35 <0001 -
ChoyrhizaeRadix 00 345 47 <oy . Ephedrae Herba 100 353 . 44 <01 +
50 350 42 <ol ; 50 343 44 <01 *
0 377 49
) , 500 384 45 <0l +
Ginseng Radix 100 384 51 <0l +
50 382 49 <ol +
0 312 39
. 500 332 45 <002 +
Rhei Rhizoma 100 354 43 <0001 +
S0 341 43 <0001 <+
0 377 49
. 500 406 51 <0001 +
Rhei Rhizoma 100 410 53 <0001 +
50 412 53 <0001  +

Rhizoma in a four-fold concentration of Bacto-
peptone in S medium as well as a standard concen-
tration of Bacto-pepton also expanded the life span
of C. elegans (data not shown). This suggests that
the effect on life span is not dependent on concen-
tration of Bacto-peptone.

3. Rhei Rhizoma is an antioxidant

Recently, much attention has been focused on the
hypothesis that oxidative damage plays a role in
cellular and organismal aging. It is known that
some anti-oxidants expand life span of C. elegans
(Melov et al, 2000; Ishii et al, 2004). We examined

the suppressive effects of mitochondrial O, by
Rhei Rhizoma, one of the life-span enhancing
medicines, to determine if the life-span extension
was due to its antioxidant properties. In fact,
Rhei Rhizoma decreased O, levels, suggested that
this crude drug has anti-oxidant ability (Fig. 6). We
hope to isolate a single component with longevity
effect from Rhei Rhizoma extracts using the
life-span testing system described above. As
C. elegans holds the distinction of being the first
metazoan to have its genome completely se-
quenced and all of genes are identified (The
C. elegans Sequencing Consortium, 1988), exam-
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ining gene expression using DNA microarrays will
allow us to elucidate the life-span promoting
mechanism of Rhei Rhizoma at the molecular
level.
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Fig. 6. Superoxide anion production. Each column
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We investigated the presence of antibodies (Abs) against muscle-specific tyrosine
kinase (MuSK) in Japanese myasthenia gravis (MG) patients. MuSK Abs were found
in 23 (27%) of 85 generalized seronegative MG (SNMG) patients but not in any of the
ocular MG patients. MuSK Ab-positive patients were characterized as having female
dominance (M:F, 5:18), age range at onset 18 to 72 (median 45) years old, and
prominent oculobulbar symptoms (100%) with neck (57%) or respiratory (35%)
muscle weakness. Limb muscle weakness was comparatively less severe (52%),
thymoma absent. Most patients had good responses to simple plasma exchange and
steroid therapy. MuSK IgG from all 18 patients was exclusively the IgG 4 subclass and
bound mainly with the MuSK Ig 1-2 domain. Serial studies of 12 individuals showed a
close correlation between the variation in MuSK Ab titers and MG clinical severity
(P = 0.01 by Kruskal-Wallis). MuSK Ab titers were sharply decreased in patients
who had a good response to early steroid therapy or simple plasma exchange, but
there was no change, or a rapid increase on exacerbation after thymectomy. Meas-
urement of MuSK Ab titers aids in the diagnosis of MG and the monitoring of clinical

courses after treatment.

Introduction

Muscular weakness in most patients with myasthenia
gravis (MG) is caused by an antibody (Ab)-mediated
autoimmune response to muscle nicotinic acetylcholine
receptors (AChRs), but there is no correlation between
the AChR Ab level and degree of muscle weakness.
This may be because of AChR Abs heterogeneity and
epitope specificity or the presence of Abs against other
functionally important muscle antigens. Fifieen percent
of patients with generalized MG who have no detect-
able circulating Abs to AChR are termed seronegative
MG (SNMG). Autoantibodies against muscle-specific
tyrosine kinase (MuSK) have been identified in that
population [1]. The positivity for MuSK Ab in SNMG
patients varied from 3.8% to 71% by studies [1-11},
which may be due to geographical or ethnic differences.
Immunoglobulin allotypes in Caucasian and Chinese
MG patients differ from those in Japanese patients {12].
We performed a MuSK Ab survey of a large number of
Japanese MG patients and characterized the clinical
features of those who were MuSK Ab positive. Fur-
thermore, we investigated the correlation between
MuSK Ab titer and disease severity, epitope specificity,
and the IgG subclass of MuSK IgG.

Correspondence: Mitsuhiro Ohta, Department of Medical Biochem-
istry, Kobe Pharmaceutical University, Motoyamakita, Higashinada-
ku, Kobe 658-8558, Japan (tel.: +81 78 441 7557; fax: +81 78 441
7559; e-mail: mohta@kobepharma-u.ac.jp).
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Patients and methods

Patients

We studied 85 patients (27 men, 58 women, mean age
56 years old, range 18-76 years) who had generalized
SNMG and were consistently negative for serum
AChR Abs, as well as 272 AChR Ab-positive MG
(SPMG) patients (87 men, 185 women, mean age
54 years old; age range 32-74 years); 50 with and 222
without thymoma. The control populations comprised
70 healthy participants (29 men, 41 women; mean age
50 years old, range 27-74 years) and 91 patients (37
men, 54 women; mean age 50 years old, range
32-74 years) with other neurological or immunological
diseases (five Lambert-Eaton myasthenic syndrome,
six polymyositis, 10 muscular dystrophy, 15 thyroidi-
tis, 10 type 1 diabetes mellitus, five rheumatoid
arthritis, 10 multiple sclerosis, five spinal progressive
muscular atrophy, five chronic inflammatory demyeli-
nating polyneuropathy, 10 amyotrophic lateral
sclerosis, and 10 epilepsy). The study was approved by
the ethics committee of Utano National Hospital. All
persons gave their informed consent prior to their
inclusion in the study.

Preparation of recombinant human MuSK protein

To produce his-tag human MuSK protein, the entire
extracellular domain (MuSK 1-4; nucleotides 107-1526,
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GenBank/EMBL accession number AF006464) of
human MuSK, and MuSK fragments comprised of the
first half bearing two Ig-domains (MuSK 1-2;
nucleotides 107-700) were linked to the PCR3.1/
Myc-His vector (Invitrogen Corporation, Carlsbad,
CA, USA) [13]. Membrane-proximal extracellular
domains, including Ig-domains 3 and 4 (MuSK 3-4;
nucleotides 701-1526), were linked to the pSecTag-His
vector (Invitrogen) carrying the ER signal sequence of
the mouse Igk gene. All constructs were transiently
transfected to COS7 cells {14]. The recombinant his-tag
MuSK secreted was purified in a histidine-affinity col-
umn (Clonetech Laboratories, Palo Alto, CA, USA).
Recombinant protein purity was determined by SDS-
PAGE with silver staining. Recombinant protein con-
centrations were obtained with a BCA Protein assay kit
(Pierce, Biotechnology, Inc., Rockfold, IL, USA) with
bovine serum albumin as the standard. The MuSK
extracellular domain and MuSK fragments then were
labeled with ' [15].

Detection of MuSK Ab by radioimmunoprecipitation
assay

All the sera underwent a radioimmunoassay (RIA) to
determine the presence of MuSK Ab. In brief, 5 ul of
each sample was incubated overnight at 4°C with 50 ul
of '**I-his-tag MuSK (40 000 cpm), after which 50 ul of
anti-human IgG was added, and the sample incubated
for another 2 h at room temperature. Radioactivity was
counted after two washes of the pellets with saline. All
positive sera were titrated, and results expressed as
nanomoles of %’I-MuSK precipitated per liter of
serum.

Epitope mapping

Muscle-specific tyrosine kinase Ab-positive sera were
tested by an RIA for the presence of IgG Abs to MuSK
1-2 or MuSK 3—4. In brief, 5 ul of each sample was
incubated overnight at 4°C with *I-his-tag MuSK
(40 000 cpm), '*°I-his-tag MuSK 1-2 (30 000 cpm), or
12L-his-tag MuSK 3-4 (30 000 cpm), after which 50
of anti-human IgG was added. The samples then were
incubated for another 2h at room temperature.
Radioactivity was counted after two washes of the
pellets with saline.

IgG subclasses of MuSK Ab

Microtiter plates (Breakapart plate, Nunk-Immuno
Module, Roskilde, Denmark) were coated with 100 ul
of 10 ug/ml of each Ab to IgG subclasses (sheep poly-
clonal anti-human IgGl, 2, 3 and 4; Binding Site, Bir-

mingham, UK) diluted with 10 mM sodium carbonate-
bicarbonate buffer, pH 9.3 and kept for 1 h at room
temperature. Nonspecific binding sites were saturated
with 200 pl PBS containing 5% skimmed milk and 10%
Blockace (Dainippon Seiyaku, Osaka, Japan) for 2 h at
room temperature. A serum sample (20 ul), first incu-
bated for 2 h at room temperature with '*’I-MuSK
(30 000 cpm), was added to a plate, and the whole
incubated for 2h at room temperature. After four
washes, 2’1 was counted in each well.

Statistical analysis

Statistical analysis was performed by regression analy-
sis, Kruskal-Wallis, one-way analysis of variance, and
Student ¢ test. A P-value of <0.05 was considered

significant.
Results

MuSK Abs

The cut-off value (0.01 nM) was calculated from the
mean + 3SD of the healthy subjects’ values obtained
by an RIA constructed with *[-MuSK extracellular
domains. MuSK Ab was present in 23 (27%) of the 85
SNMG patients but not in any of the 272 SPMG pa-
tients, healthy subjects and patients with other neuro-
logical or immunological diseases (Fig. 1). Ab-positive
samples were confirmed by serial dilution tests, and
titers shown as nanomoles of '*I-MuSK precipitated
per liter of serum. MuSK Ab titers ranged from 8.4 to
240 nM (median, 57 nM). All the positive serum sam-
ples had extremely high titers on !'**I-human MuSK
immunoprecipitation.

Clinical features of patients with MuSK Abs

Table 1 shows the clinical features of 23 MuSK Ab-
positive patients. MuSK Ab in generalized SNMG
showed female predominance (five men, 18 women) but
not in ocular MG. Age at onset ranged from 18 to
72 years old (median 45 years). Clinical features of
MuSK Ab-positive patients were confined to ocular
[ptosis, 13/23 (57%) and double vision, 18/23 (78%)];
bulbar [dysphagia: 23/23 (100%), dysarthria: 19/23
(83%)); neck extensor, 13/23 (57%); respiratory 8/23
(35%) muscle weaknesses. Prevailing weaknesses
affected the oculobulbar and respiratory muscles of
MuSK Ab-positive patients. About 48% (11/23) had no
limb weakness. No thymomas were detected by CT. Six
(26%) of the 23 MuSK Ab-positive patients who were
thymectomized, had histological abnormalities inclu-
ding small hyperplastic features.

© 2007 EFNS European Journal of Neurology 14, 1029-1034
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Figure 1 RIA-detected MuSK. Ab titers of 85 patients with
SNMG, 272 patients with SPMG, 91 patients with other neuro-
logical or immunological diseases, and 70 healthy participants.
Broken line, the cutoff (0.01 nM) for MuSK Abs.

Table 1 Clinical features of MuSK Ab-positive patients

MuSK Ab positivity in SNMG 23/85 (27%)

MuSK Ab titers 8.4-239 (median 57 nM)

FM 18:5

Age at onset 18-72 years (median 45 years)
Distribution of weakness

Ptosis 13/23 (57%)

Ocular motor dysfunction

Bulbar
Neck

Respiratory (crises)

18/23 (78%)
23/23 (100%)
13/23 (57%)
8/23 35%)

Limb 12/23 (52%)
Thymus

Thymoma 0/23 (0%)

Hyperplasia 6/23 (26%)

Serial studies of clinical status and MuSK Abs

We measured MuSK Ab titer serially during the
disease’s course. Table 2 shows anti-MuSK Ab titers in
relation to disease severity and duration, and immuno-
suppressive treatment (A), plasma exchange (B), or
thymectomy (C). Disease severity was graded according
to the Myasthenia Gravis Foundation of America
(MGFA) classification [16] at the onset of myasthenic
symptoms, in the maximally deteriorated state, and at

© 2007 EFNS European Journal of Neurology 14, 1029-1034
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Table 2 Changes in MuSK Ab titers and in clinical status in MuSK

Ab-positive patients

(A) Early steroid therapy

Age at
onset Duration MuSK MGFA
Case Gender (years) (days) Ab (nM) classification treatment
P-1 F 18 0 393 IIIb
56 39.0 Pred
82 40.2 Pred
138 38.0 Pred
175 35.0 1Ib Pred
313 33.0 PR Pred
577 21.0 Pred
P2 F 32 0 113.0 Vb Pred
141 17.0 Pred
261 15.0 1Ib Pred
409 16.0 Pred
P-3 F 48 0 80.0 IVb Pred
46 28.0 Pred
101 5.0 Pred
1,641 4.2 PR Pred
P-4 F 53 . 0 36.8 Iib
41 31.0 Pred
97 152 Pred
111 10.0 1Ib Pred
P-5 F 52 0 240.0 v Pred
49 57.0 Pred
77 22.9 Pred
101 8.4 Pred
129 3.0 IIb Pred
P6 F 76 0 33.0 b Pred
83 0.5 Pred
118 0.2 PR Pred
(B) Simple plasma exchange (PE)
P77 M 53 0 74.4 \4
42 59.0
52 470
PE—M——
62 28.5 IIb
PE—7m8M—
67 17.2
125 16.0 Pred
132 11.5 Pred
138 9.0 1Ib Pred
P8 M 71 0 1139 IVb
PE —————
11 32.1
45 32.0 Pred
219 31.0 Pred
616 28.0 IIb Pred
P9 F 66 0 30.0 IIIb
45 40.5
361 32.0
PE —m8 ——
374 14.0 IIb
379 212
389 29.9
403 35.5 1IIb Pred, Cyclo
441 25.0 Pred, Cyclo
476 20.5 11b Pred, Cyclo
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Table 2 (Continued)

(C) Thymectomy (Tx)

P-10 F 47 0 20.0
47 26.0 IIb
T ——
95 47.2 b Pred
270 19.8 Iib Pred
P-11 F 52 0 22.6 IIb
58 232
T ———
170 21.1 Pred
255 25.0 IIb
P-12 F 438 0 16.5 IIb
95 17.6
™ —
210 15.7 Pred
274 17.0 IIb

PR, Pharmacological Remission; Pred, Predonisolone; Cyclo,
Cyclosporine.

the last clinic visit after or during treatment. As shown
in Table 2a, six patients (P1-P6) who underwent early
steroid therapy showed impressive clinical improvement
associated with a sharp decrease in anti-MuSK Ab titer;
from 39.3 to 21.0 nM (P-1), 113.0 to 16.0 nM (P-2),
80.0 to 4.2 nM (P-3), 36.8 to 10.0 nM (P-4), 240.0 to
3.0 nM (P-5), and 33.0 to 0.2 nM (P-6). MG severities
showed clinical improvement from class IIIb to phar-
macological remission (PR) (P-1), class IVb to IIb (P-2),
class IVb to PR (P-3), class IIIb to IIb (P-4), class V to
IIb (P-5), and class IIb to PR (P-6).

Muscle-specific tyrosine kinase Ab titers of three
patients were measured in serial samples taken before
and after simple plasma exchange (Table 2b). The
patients responded dramatically to that therapy, Ab
titers decreasing from 74.4 to 9.0 nM (P-7), 113.9 to
28.0nM (P-8), and from 30.0 to 20.5nM (P-9),
indicative of clinical improvement from class V to IIb
(P-7), class IVb to IIb (P-8), and class IIIb to IIb
(P-9). Moreover, conventional immunosuppression
maintained the clinical improvement initially achieved
by plasma exchange. In one patient (P-9), the effect
had tapered off 45 days after plasma exchange, and
Ab titer and disease severity returned to the level be-
fore treatment. Prednisolone and cyclosporin admin-
istered after MG relapse resulted in slower
improvement.

Three patients who had histological abnormalities,
including a small hyperplastic thymus, underwent
thymectomies (Table 2c). After surgery one patient (P-
10) immediately had worsening of dysphagia from class
IIb to IIIb associated with a rapid increase in MuSK
Ab titer from 26.0 to 47.2 nM. Thymectomy was not
effective for the other two patients (P-11, P-12) who
showed no change in disease severity and MuSK Ab
titer.

We analyzed MuSK Ab titers in relation to quanti-
tative clinical scores on the MGFA scale in serial
studies of 12 individuals. MuSK Ab titers and disease
severity were correlated (P = 0.01 by Kruskal-Wallis).

Epitopes in the extraceflular domains of human MuSK

Eighteen sera with MuSK Abs were examined for '2°[-
MuSK 1-2 and '*I-MuSK 3-4 binding. All predom-
inantly bound to '*I-MuSK 1-2, range 68-97%. Only
five of the 18 sera also showed slight binding (20-30%)
to '>*I-MuSK 3-4 (Table 3).

IgG subclasses of MuSK Abs

In a solid phase RIA with sheep polyclonal antibodies
to human IgG subclasses, in all the 18 sera tested
MuSK Abs were exclusively 1gG4 (Table 4).

Discussion

The MuSK Ab-positive rate found for generalized
SNMG patients in Japan was 27% with female pre-
dominance (M:F = 5:18). This rate is lower than the
70% positivity originally reported [1] and the 40-50%
recently reported [2-7]. It is consistent with the 27-33%
reported for Japanese and Korean population [8-10]
but significantly higher than the 3.8% Chinese positiv-
ity rate [11]. Age at onset ranged from 18 to 72 years
old (median, 45 years); 61% of the patients presenting
at >40 years of age, later than for Caucasians, and 57—
71% of patients presenting at <40 years of age, but the
differences was not significant [3,7,17,18].

Table 3 Ratio of MuSK Ig 1-2 and 3-4 Ab in MuSK 4 Ab titers

MuSK 1g1-2 Ig 3-4

Case Ab (nM) domain (%) domain(%)

1 8.4 97.1 29

2 19.3 68.1 31.9

3 325 81.2 18.8

4 50.0 82.7 17.3

5 334 97.3 2.7

6 31.8 95.7 43

7 19.9 91.0 9.0

8 114 95.2 48

9 40.7 87.9 12.1
10 32.0 91.0 9.0
11 336 95.0 5.0
12 74.7 95.4 4.6
13 72.0 76.2 23.8
14 46.2 80.8 19.2
15 74.7 96.9 3.1
16 82.2 74.2 25.8
17 110.7 89.5 10.5
18 114.6 71.2 28.8

© 2007 EFNS European Journal of Neurology 14, 1029-1034



Table 4 Ratio of IgG subclasses of MuSK Abs

MuSK IgG 1 1gG2 1gG3 LG4
Case  Ab@M) (%) (%) (%) (%)
1 114.6 0.0 0.0 0.0 100.0
2 1107 0.0 0.0 49 95.1
3 822 0.0 0.0 0.0 100.0
4 74.7 11.0 21.0 19.0 49.0
5 740 41 50 5.6 85.3
6 72.0 0.0 10 0.0 99.0
7 4622 0.0 0.0 0.0 100.0
8 40.7 5.3 0.0 7.1 87.6
9 336 15.1 157 0.0 69.2
10 334 0.0 0.0 0.0 100.0
11 325 5.3 0.0 0.0 94.7
12 320 42 2.6 12 92.0
13 318 6.7 6.7 8.3 78.3
14 19.9 0.0 0.0 17 98.3
15 19.5 0.0 0.0 0.0 100.0
16 19.3 0.0 0.0 0.0 100.0
17 114 0.0 28.9 26.1 45.0
18 8.4 0.0 0.0 0.0 100.0

All the Ab-positive patients had similar patterns of
muscle weakness, with prevalent involvement of the
bulbar muscles in 100%, ocular symptoms (blepha-
roptosis and/or double vision) in 80%, and of the res-
piratory muscles in 35% with frequent myasthenic
crises. Limb muscle involvement was comparatively less
severe and inconsistent. Japanese MuSK Ab-positive
patients therefore have clinical features similar in terms
of the predominance of bulbar involvement to those
reported for Caucasians.

We evaluated the correlation between MuSK Ab
titers and disease severity. Table 2 shows patients who
had a good response to early immunosuppressive
therapy or simple plasma exchange. Their MuSK Ab
titers sharply decreased in parallel with clinical
improvement, whereas their Ab titers remained posit-
ive. We evaluated the effect of thymectomy in three
individuals by measuring MuSK Ab titers in serum
samples taken pre- and post-thymectomy. One patient’s
condition deteriorated after thymectomy and her Ab
titer greatly increased. The two others showed neither
progression nor Ab titer change during the observation
period. Thymectomy therefore did not produce good
results. Histological changes in the thymus of MuSK
Ab-positive subjects are reported to be minimal and to
include rare small germinal centers [19,20] in contrast to
SPMG patients who had lymph node-type infiltrates.
These findings, together with the lack of benefit of
thymectomy, are evidence against a role for the thymus
in antigen presentation and antibody production.

Serial studies showed a statistically close correlation
between MuSK Ab titers and disease severity. MuSK
Ab titers also recently were found to correlate with MG
severity [21]. MuSK Ab titers were extremely high in all
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the positive cases (Fig. 1). The close relationship be-
tween clinical status and MuSK Ab, found by monit-
oring Ab titers, suggests that MuSK Ab has a
significant pathogenic role in MG patients. Circulating
MuSK Abs, however, are reported not to cause a
MuSK or AChR deficiency at the endplates [22]. Recent
experimental models (rabbits [13] and mice [23]),
developed by immunization with recombinant MuSK
ectodomain protein, produced MG-like muscle weak-
ness with reduced AChR clustering at neuromuscular
junctions. These findings clarified the pathogenic MG
mechanisms produced by MuSK Ab.

The paramount MuSK Ab IgG subclass in our
eighteen patients was IgG4. Limb and intercostal
muscle biopsies found neither reduction in AChR
numbers nor complement deposition [9,24]. The ab-
sence of complement deposits at a patient’s end plates is
explained by the fact that MuSK Ab is mainly IgG class
4 which does not fix complement [5,25]. The MuSK
extracellular domain consists of four MuSK immuno-
globulin-like (Ig) domains. Binding analysis of MuSK
Abs to 'PI-MuSK Ig 1-2 or '*I-MuSK Ig 3-4 showed
that the eighteen sera tested predominantly bound to
the 1I1-MuSK Ig 1-2 domain. The epitope was the N-
terminal of the extracellular domain of human MuSK
as described previously [5]. Furthermore, MuSK Abs
have been shown to inhibit agrin-induced clustering of
AChRs [26]. In fact, MuSK Ig 1-2 domains are more
responsible for agrin responsiveness of MuSK, in con-
trast to Ig 3-4 domains which are more responsible for
rapsyn association. We postulate that this is relevant to
our findings of predominant binding analysis to MuSK
Ig 1-2. The characteristics of the MuSK IgG subclass
and Ab binding epitope in Japanese patients therefore
are similar to those of Caucasians.

Muscle-specific tyrosine kinase Ab-positive patients
often suffer facial and tongue muscle atrophy [3,27].
Benveniste ez al.[28] reported that MuSK Ab plasma
may affect the expression of atrophy-related protein
and that a facial muscle, the masseter, is the most sus-
ceptible. Amongst our MuSK ‘Ab-positive patients,
four patients had detectable tongue atrophy from a
relatively early phase of illness; weakness was moderate
in 2 patients and mild in two patients. More in vitro and
in vivo studies are needed to clarify the pathologic
mechanisms that cause the muscle weakness produced
by MuSK Ab. MuSK Ab detection provides a valuable
biological means of support for the clinical diagnosis of
MG and a way to monitor its clinical course.
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Quantitative analysis of mRNA in human temporal bones

YURIKA KIMURA"??, SACHIHO KUBO?, HIROKO KODA?, YOSHIHIRO NOGUCHP,
MOTO]JI SAWABE?, NAOKI MARUYAMA? & KEN KITAMURA?

' Departments of Otolaryngology and *Pathology, Tokyo Metropolitan Geriatric Hospital, 2Aging Regulation Group, Research
Team for Molecular Biomarkers, Tokyo Metropolitan Institute of Gerontolog and >Department of Orolaryngology, Graduate
School, Tokyo Medical and Dental University, Tokyo, Japan

Abstract

Conclusion. Well-preserved mRNA could be extracted from frozen human inner ears. Therefore, this study demonstrates
that analysis of mRNA could be performed to study the molecular mechanisms of inner ear disorders using human
specimens. Objectives. Analysis of RNA as well DNA is requisite to study the molecular mechanisms of inner ear disorders.
Methods of isolating RNA from experimental animals have been established, while isolation of RNA from human inner ears
is much more challenging. In the present study, we demonstrate a method by which messenger RNA (mRNA) was extracted
from human inner ears and -quantitatively analyzed. Materials and methods. COCH mRNA as well as GAPDH mRNA was
extracted from membranous labyrinths dissected from three formalin-fixed and three frozen human temporal bones,
removed at autopsy. The length of COCH mRNA and quantity of GAPDH mRNA was compared between the two groups
by quantitative RT-PCR. Results. COCH mRNA could be amplified as much as 976 bp in all three frozen specimens. By
contrast, it was amplified to 249 bp in two of the three formalin-fixed specimens, with no amplification observed in the
remaining. The quantity of amplifiable GAPDH mRNA in the formalin specimens was only 1% of that of the frozen
specimens.

Keywords: Hearing loss, human, inner ear, mRNA, PCR

Introduction succeeded in amplifying mitochondria DNA by PCR
and emphasized the difficulty of analyzing DNA
from the human temporal bone because of the
autolysis that occurs before fixation. They also
reported PCR amplification of varicella-zoster virus
DNA from temporal bone sections [5], as well as
histopathologic analysis of a patient with Ramsay
Hunt syndrome [6]. Moreover, the possibility of a

The mechanisms of sensorineural hearing loss have
been analyzed with the recent advent of advanced
molecular techniques. Studies of animals including
mice have also contributed to identifying deafness
genes and determining genotype-—phenotype corre-
lations [1,2]. In contrast, molecular analysis using

human inner ear specimens is difficult because
human inner ear specimens are inaccessible and
formalin-fixed, celloidin-embedded temporal bone
specimens are unsuitable for molecular analysis even
though this method has been standard in histopatho-
logic studies of the human temporal bones [3].
Nonetheless, there have been several reports in
which DNA has been extracted from human inner
ear specimens. Wackym et al. reported the first
study using molecular biological techniques for hu-
man temporal bone pathology in 1993 [4]. They

relationship between presbycusis and a 4977 bp
mtDNA deletion was suggested by PCR amplifica-
tion of mtDNA from the cochlea of a celloidin-
embedded human archival temporal bone [7]. We
recently reported a quantitative analysis of mtDNA
from a patient with a mutation at nucleotide 3243
{8] and detection of mitochondrial DNA from hu-
man inner ears using real-time PCR and laser
microdissection [9] to elucidate mitochondrial hear-
ing impairment. However, the availability of DNA
analysis at a tissue level is limited to measurement of
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the heteroplasmy mutation ratio in mitochondrial
hearing impairment or detection of a DNA virus, as
mentioned above.

By contrast, analysis of mRNA expression patterns
can demonstrate the spatio-temporal activities of
gene transcription and expression in tissues, provid-
ing important physiological and pathological infor-
mation at the molecular level [10]. Further, mRNA is
important because it is a ‘working copy’ of a gene that
directs biological activides of cells through the
synthesis of proteins. Therefore, studying mRNA
extracted from human inner ears can provide further
information concerning the molecular mechanisms
of inner ear disorders in humans. As removing
temporal bones at autopsy is a regular method for
studying human specimens, we analyzed and com-
pared mRNA in formalin-fixed and frozen temporal
bones removed at autopsy. The purpose of the
present report was to establish the optimal method
of extracting mRNA suitable for molecular biological
applications from autopsied human temporal bones.

Materials and methods
Temporal bones

Six human temporal bones from five subjects with no
hearing impairment (according to nursing records)
were obtained at brain autopsy. Three were forma-
lin-fixed and the others were put into the deep
freezer as soon as possible after harvest and con-
served by freezing at —80°C. The average age of the
subjects was 77.0 years (range 72-83 years). The
average time period between death and the start of
autopsy was 20.1 h (range 4-47 h). Consent for
using organs removed at autopsy was obtained from
the patients’ relatives. The present study was
approved by the Ethical Review Board at Tokyo
Metropolitan Geriatric Medical Hospital, pursuant
to Article 18 of the Cadaver Autopsy and Preserva-
tion Act. Temporal bones were processed according
to the surface preparation method (Figure 1) [11].
To avoid the degradation of RNA, we used
RNAlater® (Ambion, Austin, TX, USA) to impreg-
nate the temporal bone during the process and
injected it into the inner ear from the oval window.
The geniculate ganglion of facial nerves and the
membranous labyrinth were dissected and immersed
in a 1.5 ml microtube with 0.2 ml ISOGEN®
(Nippon Gene, Tokyo, Japan).

Total RNA extraction and reverse transcriprion

Temporal bone samples were stored for an average of
7.5 months (range 2--18 months) before dissection.
Dissected tissues were homogenized and mixed with
0.6 ml of ISOGEN®, After storage at room tem-

mRNA analysis of temporal bones 1025

perature for 5 min, 0.2 ml of chloroform was added.
The mixture was shaken vigorously for 30 s, stored
for 5 min at 4°C, and centrifuged at 15000 g for
15 min at 4°C. The aqueous phase was transferred
to microtubes, and 0.5 ml! of chloroform was added.
The mixture was shaken vigorously for 30 s, stored
for 5 min at 4°C and centrifuged at 15000 g for
15 min again. The supernatant was transferred and
mixed with 0.5 pl of glycogen and 0.8 ml of
isopropanol. After storage for >30 min at 4°C, the
mixture was centrifuged at 15000 g for 15 min at
4°C. The resultant supernatant was then carefully
removed. The pellet containing RNA was washed
with 70% ethanol three times, allowed to air-dry,
and dissolved in 20 pl of RNase-free ddH,O. The
RNA concentration was determined by OD,q,
measured by an ND-1000 Spectrophotometer®
(NanoDrop, Wilmington, DE, USA). Approxi-
mately 40 ng of total RNA per sample was reverse
transcripted in a 20 pl reaction using Transcriptor
First Strand ¢cDNA Synthesis Kit® (Roche, Basel,
Switzerland) following the manufacturer’s protocols.

PCR and sizing of PCR products

To compare the preserved length of mRNA between
formalin-fixed and frozen samples, primers were
designed using Primer 3 (http://frodo.wi.mit.edw/
cgi-bin/primer3/primer3_www.cgi), on mRNA of
COCH (accession no. NMO004086), the coded
protein of which is abundant in the inner ear [12).
Eight forward primers and one reverse primer were
made to amplify 249-976 bp c¢cDNA fragments
(Figure 2). PCR was performed in a 20 pl volume
containing 10 pl Premix Taq® (Takara Bio, Otsu,
Japan), 0.5 uM of each specific primer and 1 ul of
cDNA from the RT reaction. After initial incubation
at 94°C for 3 min, the reaction mixtures were
subjected to 35 cycles of amplification using the
following sequence: 94°C for 30 s, 55°C for 30 s,
and 72°C for 45 s. This was followed by a final
extension step at 72°C for 7 min. Finally, 8 ul of the
reaction mixture was run on a 2% agarose gel and
visualized with ethidium bromide. Each amplifica-
tion product was sequenced on an ABI PRISM®
3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA).

Quantitative PCR analysis

To compare the quantity of mRNA for PCR level,
quantitative real-time PCR was performed. TagMan
PCR® is a quantitative real-time PCR technique
based on the 5’ exonuclease activity of TagPolymer-
ase [13]. In addidon to the sense and antisense
primers, a nonextendable oligonucleotide probe with
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Figure 1. Temporal bones were processed according to the surface preparation method, and impregnated with RNAlater® (Ambion) to
avoid the resolution of RNA. The membranous labyrinth was dissected. Arrows indicate pigmentation of stria vascularis.

a 5’ fluorescent reporter dye and a 3’ quencher dye fluorescent signal. In our experiment, this signal was
were used. During the extension phase, Taq poly- monitored using 7300 Real-Time PCR System®
merase hydrolyzes the probe, thereby generating a (Applied Biosystems).

Primer name Sequences Product size
COCH-F1 TGATGACATCGAGGAAGCAG 249
COCH-F2 ACAGGAAAAGCCTTGAAGCA 356
COCH-F3 GCCAGTGAACATCCCAAAAT 461
COCH-F4 GCAGCGCCGATTTAATTTAC 555
COCH-F§ ACAAGCAGTGTCCACAGCAC 681
COCH-F6 GGCATCCAGTCTCAAATGCT 764
COCH-F7 TCCACAGGGGAGTAATCAGC 853
COCH-F8 GAGGCTTGGACATCAGGAAA 976

COCH-R CAGGTCTTGCTGCACATCAT

Exon 1 23 4 5 §7 8 9 19 11 12

i
g
Fa 'l< , COCH-R

le
F8 |

Figure 2. Primer sequences and amplified fragment size. Schematic drawing of the locus amplified by these primers in human COCH
genomic structure. Exons are indicated by shaded boxes. The region of Limulus factor C homology (FCH) spans exon 4—6. The von
Willebrand factor A-like domain, vWFAL1, is contained in exon 8—10; vWA2 is in exon 11 and 12. Each primer set is in coding region.
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We measured levels of GAPDH, which is a well-
known housekeeping gene. PCR primers and probes
were provided by TagMan® GAPDH Control Re-
agents kit (ABI). PCR was performed in a 20 pl
volume containing 10 pl Premix Ex Taq® (Takara
Bio, Otsu, Japan), 0.2 uM of each specific primer,
0.1 pl of the GAPDH probe, 0.4 ul of Rox Reference
Dye, and 1 pul of cDNA from the RT reaction. After
inidal incubation at 95°C for 10s, the reacton
mixtures were subjected to 45 cycles of amplification
using the following sequence: 95°C for 5 s and 60°C
for 31 s. This was followed by a final extension step:
95°C for 15 s, 60°C for 1 min and 95°C for 15 s.
TagMan PCR® was performed twice for each
sample.

To quantfy mRNA for PCR levels, we recorded
the average number of PCR cycles (Ct) required
for each reaction’s fluorescence ‘to cross a thresh-
old value of intensity, set to pass through the
linear portion of the amplification curve. Frozen
samples were defined as standards, and the
difference in Ct between the formalin-fixed sam-
ples and the standards was used to calculate dCrt.
The quantity relative to the standard was obtained
from 279 [14]). The Student’s ¢ test was used
for comparison between the two groups, and a
probability value <0.05 was considered statistically
significant.

@

Lane No. “ 2 3 4

(b)

taneNo. 1 2 3 4 5 6 7 8 9
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Results
Total RNA yield

Average total RNA yield measured by ND-1000
Spectrophotometer® was 0.89 +0.40 pg of formalin-
fixed samples and 2.73 +1.11 pg of frozen samples.

Comparison of the length of RFPCR products for frozen
and formalin-fixed samples

The results of the COCH mRNA RT-PCR amplifi-
cation are shown in Figure 3a and b, in comparison
to the RT-PCR product migration in the gel with the
migration of a 50 bp ladder marker (lane 1). Lanes
2-9 show the results of the RT-PCR amplification
using COCH primers. Amplification to 976 bp was
possible in all three frozen samples. On the other
hand, among the three formalin-fixed samples, two
could be amplified to only 249 bp and the other
could not be amplified with these primers. By
sequencing the amplification product, these bands
were confirmed as targeted locus.

Comparison of the quantity of real-time RT-PCR
products between frozen and formalin-fixed specimens
The frozen samples were determined as standards,

and the difference in Ct value between formalin-
fixed samples and these standards was defined as

56 7 809

Figure 3. RT-PCR product migration in the gel with the migration of a 50 bp ladder marker (lane 1). Lanes 2-9 show the results of the RT-
PCR amplification using COCH primers (a, frozen section; b, formalin-fixed sample). Amplification to 976 bp was possible in all three
frozen samples; by contrast, two of the formalin-fixed samples could be amplified to only 249 bp and the other could not be amplified with
these primers. Lane 2 shows a 249 bp fragment; lane 3, a 356 bp fragment; lane 4, 461 bp; lane 5, 555 bp; lane 6, 681 bp; lane 7, 764 bp;

lane 853 bp; and lane 9, 976 bp.
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Table I. Relative quantification using the comparative Ct method.

Conservation method Average Ct dCrt (Ct—(Ct, frozen) GADPH relative quantity to frozen sample
Frozen 27.37 0.00+0.45 1.0 (0.7-1.4)
Formalin-fixation 33.65 -6.28+0.56 0.012 (0.009-0.019)

The quantity of detectable GAPDH mRNA of frozen samples was defined as 1 while that of formalin-fized samples was only 0.012.

dCt. As the efficiency of PCR is close to 1 according
to Applied Biosystems guidelines, the value of 2 ~4¢t
shows the mRNA quantity of PCR level relative to
that of the standards. The average relative quantity
of the GAPDH RT-PCR product is shown in Table I.
There was a significant difference between the two
groups. Only about 1% of the quantity of PCR
product of the frozen samples was obtained using
formalin-fixed samples.

Discussion

Analysis of inner ear function has progressed sig-
nificantly from histological as well as molecular
studies on experimental animals. In contrast, patho-
logical study of the inner ear of humans with hearing
loss is limited to cases in which brain autopsy is

- performed because it is impossible to access the

inner ear during a patient’s lifetime. Furthermore,
the inner ear is present in hard bone tissue, and is
highly differentiated anatomically and functionally.
Therefore, it is difficult to study temporal bone
molecular pathology by paraffin-embedded sections,
nor can celloidin-embedded sections be relied upon
[15].

To analyze real vital reactions at the molecular
level, it is necessary to review manifestations of
mRNA or protein. RT-PCR, in situ hybridization,
Northern blot, or DNA microarrays for mRNA, and
Western blot or immunostaining for protein are
available for the analysis of vital reactions. However,
these methods are usually difficult to apply to human
inner ear specimens because these are usually
formalin-fixed, celloidin-embedded specimens,
which could easily degenerate and cause autolysis
of fragile mRNA. Therefore, the human inner ear
can be analyzed only for limited purposes. Lee et al.
reported the first study of RT-PCR for archival
temporal bones in 1997, in which they examined
the manifestation of the y-actin gene [16]. In this
report, manifestation of y-actin was detected in only
1 of 10 archival temporal bone specimens; the
authors concluded that examination of the gene
expression from an archival section was very limited
because mRNA had been degraded by RNases. By
contrast, Ohtani et al. reported that the a-tubulin
gene was identifiable to 79% by nested RT-PCR in
archival temporal bones in 1999 [17]. They con-

cluded that the difference in their study from the
former could be explained by the influence of primer
design and RNA extraction methods. In formalin-
fixed paraffin-embedded archival samples (liver tis-
sue of mice), chemical modification such as methylol
addition by formalin does not allow the direct
application of extracted RNA to ¢cDNA synthesis
and RT-PCR [18].

In the present study, membranous labyrinths were
dissected from three formalin-fixed and three frozen
temporal bones and RNA was extracted from them.
Then we compared the two samples based on how
many base pairs of COCH mRNA were detectable.
In addition, GAPDH mRNA was amplified by
quantitative RT-PCR, and the quantities of RNA
detectable by RT-PCR were compared. As a result,
the COCH mRNA could be amplified to 976 bp in
all the frozen sections, but among the formalin-fixed
specimens, two could be amplified only to 249 bp
while the other could not be amplified. In addition,
the quantity of amplifiable GAPDH mRNA in the
formalin-fixed specimens was only 1% of that of a
frozen section. As a matter of course, both fragment
lengths and quantities of RNA of formalin-fixed
specimens are overwhelmingly smaller than those of
frozen samples. Therefore, formalin-fixed temporal
bone samples are not suitable for comprehensive
molecular analysis, and conservation by freezing is
desirable for introducing molecular pathological
tools into human temporal bone pathology.

As for using autopsy specimens, Lin et al. reported
RNA analysis of temporal bone soft tissues [10].
They collected temporal bones at immediate autop-
sies and showed manifestations and localizations of
mRNA of mucin genes, such as MUC5B and
MUCI, distributed in the submucosal gland of the
eustachian tube and the middle ear, by Northern
blot technique and in situ hybridization. They
described how RNA degrades after death in a time-
dependent manner, with the first obvious signs of
degradation showing 6 h after death, and found
mRNA was up to 1.4 kb in size at 6 h after death,
indicating the preferability of an RNA analysis that
uses molecular biological techniques within this
time-frame.

However, in a regular clinical setting, it is not
realistic to perform an autopsy within 6 h of death to
obtain a temporal bone, not only from an ethical
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perspective but also in terms of cooperation with a
pathologist and the difficulty of processing speci-
mens contnuously. In our institution, removal of
temporal bone specimens is included in the protocol
of a conventional autopsy, and the average time from
death to autopsy is 10 h. In this time, COCH mRNA
could be amplified well up to 976 bp, which is the
longest fragment expected by our primer planning. A
continuous cryopreservation maneuver, which is
routinely applied to preserve other organs, enables
us to choose appropriate and effective analysis of
precious cases. Therefore, our procedure is advanta-
geous in that it can be performed in the protocol of a
routine autopsy at any institution. Recently, Robert-
son et al. constructed a cDNA library from human
feruses at 16-22 weeks developmental age and
reported that COL1A2, COL2A2, and COL3A41,
which code types I, II, and III collagen, are intensely
expressed by comparing expression levels with those
of the brain by Northern blot technology [19]. They
also reported that COCH emerged highly in the
inner ear from the cDNA library, and these results
led to the identification of COCH mutation causing
DFNA9 [12,20,21]. Abe et al. extracted RNA from
a cochlea obtained in an operation for acoustic
neuroma or temporal bone tumor and reported
that a strong manifestation of u-crystallin (CRYM)
in the membranous labyrinth was shown by the
c¢DNA microarray method [22]. Furthermore, they
suggested that CRYM mutation causes nonsyndro-
mic deafness by CRYM.

In contrast to studies using human fetuses or
surgical specimens, we studied autopsy specimens
and succeeded in extracting mRNA in comparatively
good condition. Using our proposed technique, the
human inner ear can be studied by both molecular
and histopathologic methods. Therefore, when hu-
man temporal bone specimens with almost the same
hearing levels on both sides are obtained, we
recommend that one side be formalin-fixed and
celloidin-embedded and examined morphologically,
while the other side be frozen and analyzed for
mRNA or other molecules. Comparison of morpho-
logical and molecular biological examinations may
elucidate pathologies of sensory neural hearing loss
at the cellular and molecular level.

Conclusion

Well-preserved mRNA could be extracted from
frozen human temporal bones removed at brain
autopsy. The present study demonstrates that ana-
lysis of mRNA could be a clue in the study of
molecular mechanisms of inner ear disorders using
human temporal bones.
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