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Figure 7 Enhanced SMP30 protein levels in the liver and kidneys from a calorie restricted (CR) diet. Rats were divided into an

ad libitum fed group (AD) and a 40% CR group.

this transcription factor to the two sites in the SMP30
promoter region decreased after treatment with t-BHP
or LPS. These findings were confirmed by using the
anti-oxidant NAC and the ERK-specific inhibitor
PD098059, both of which blunted the decrease in
SMP30 gene expression. Third, the binding by t-BHP
also diminished at both sites in the Ac2F cell system.
These outcomes strongly indicate that the SMP30 tran-
scriptional process is redox-sensitive and that its modu-
lation occurs at DNA binding sites in the promoter
region. The downregulation of SMP30 likely involves
the ERK signal pathway.

Conclusions

Proteomics analysis has provided us with a large
amount of information about aging in general and, in
particular, about age-associated molecules including
SMP30. This factor is one of the best prospects for
elucidating the mechanism of senescence, as we have
done in functional analyses of multiple organs. We
propose that the SMP30-knockout murine strain, in
which SMP30 is completely absent, is the most useful
model available for understanding human aging. In fact,

© 2007 Japan Geriatrics Society

the absence of SMP30 is the reason why this strain lacks
an enzyme responsible for the synthesis of vitamin C
as an anti-oxidant. Further research on the biological
functions of SMP30 will assuredly produce useful tools
for treating or offsetting the deleterious effects of aging
in humans.
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Quantitative analysis of mRNA in human temporal bones
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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
relationship between presbycusis and a 4977 bp

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

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 activities 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 transcription

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-
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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 ul 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,4q,
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 cDNA fragments
(Figure 2). PCR was performed in a 20 pl volume
containing 10 ul Premix Tag® (Takara Bio, Otsu,
Japan), 0.5 uM of each specific primer and 1 pl 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 pl 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).

Quanmntarive 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 additon 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
were used. During the extension phase, Taq poly-
merase hydrolyzes the probe, thereby generating a

fluorescent signal. In our experiment, this signal was
monitored using 7300 Real-Time PCR System®
(Applied Biosystems).

Primer name Sequences Product size
COCH-F1 TGATGACATCGAGGAAGCAG 249
COCH-F2 ACAGGAAAAGCCTTGAAGCA 356
COCH-F3 GCCAGTGAACATCCCAAAAT 461
COCH-F4 GCAGCGCCGATTTAATTTAC 555
COCH-FS ACAAGCAGTGTCCACAGCAC 681
COCH-F§ GGCATCCAGTCTCAAATGCT 764
COCH-F7 TCCACAGGGGAGTAATCAGC 853
COCH-F8 GAGGCTTGGACATCAGGAAA 976
COCH-R  CAGGTCTTGCTGCACATCAT
Exon 1 23 4 [ 87 8 9 10 11 12
| | .. FCH | | YWFA$ il YWFAZ |
- F1 }&——)
::F2 ’(———)
COCH-F F3 f—
Fale COCH-R
; N
e
F6 e

e

F7 jl\

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, vIWFA1, is contained in exon 8—10; vWA?2 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 Tag® (Takara
Bio, Otsu, Japan), 0.2 uM of each specific primer,
0.1 pl of the GAPDH probe, 0.4 pl of Rox Reference
Dye, and 1 pl of cDNA from the RT reaction. After
initial incubation at 95°C for 10s, the reaction
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 quantify 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 dCt.
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.

(a)

{b) t
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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 2.7341.11 pg of frozen samples.

Comparison of the length of REPCR 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 REPCR
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

laneNo. 1 2 3 4 5 6 7 8 9

Figure 3. RT-PCR product migration in the gel with the migration of a 50 bp ladder marker (lane 1). Lanes 29 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 dCt (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 -6.284+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-fixed samples was only 0.012.

dCt. As the efficiency of PCR is close to 1 according
to Applied Biosystems guidelines, the value of 2 9
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 (iver 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 quantides 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 continuously. 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
fetuses at 16—-22 weeks developmental age and
reported that COL1IA2, COL2A2, and COL3A1,
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
DFNAS9 [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 p-crystallin (CRYM)
in the membranous labyrinth was shown by the
¢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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