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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, Tag 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-F6 GGCATCCAGTCTCAAATGCT 764
COCH-F7 TCCACAGGGGAGTAATCAGC 853
COCH-F8 GAGGCTTGGACATCAGGAAA 976
COCH-R CAGGTCTTGCTGCACATCAT
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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, vIWFAL1, 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 ul
volume containing 10 pl Premix Ex Taq® (Takara
Bio, Otsu, Japan), 0.2 pM of each specific primer,
0.1 pl of the GAPDH probe, 0.4 ul 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 r test was used
for comparison between the two groups, and a
probability value <0.05 was considered statistically
significant.
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Results
Toral RNA yreld

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 R-PCR 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 bé amplified with these primers. By
sequencing the amplification product, these bands
were confirmed as targeted locus.

Comparison of the quantity of real-time RI-PCR
products berween 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

(b)

«
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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 1. Relative quantification using the comparative Ct method.

Conservation method Average Ct dCt (Ct —(Ct, frozen) GADPH relative quantity to frozen sample
Frozen 27.37 0.004+0.45 1.0 (0.7-1.4)
Formalin-fixation 33.65 -6.2840.56 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 ~4¢*
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 RI-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 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 ime, 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 COLIA2, COL2A2, and COL3Al,
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
DFNAGS [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
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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