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Over-expression of myosin7A in cochlear hair cells of circling mice
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Department of Medical Genetics, College of Medicine, Hallym University, Chuncheon, Korea

Circling mouse (C57BL/6)-cir/cir) deleted the transmembrane inner ear (Tmie) gene is an animal model
for human non-syndromic recessive deafness, DFNB6. In circling mouse, hair cells in the cochlea have
degenerated and hair bundles have become irregularity as time goes on. Tmie protein carries out a
function of the mechanoelectrical transduction channel in cochlear hair cells. Myosin7a (MYO7A) protein
has key roles in development of the cochlear hair bundles as well as in the function of cochlear hair cells.
To find whether Tmie protein interacts with MYO7A proteins in the cochlea postnatal developmental
stage, we investigated expression of the MYO7A proteins in the cochlear hair cells of circling mice by
western blot analysis and whole mount immunofluorescence at postnatal day 5 (P5). The expression of
MYO?7A showed statistically significant increase in the cochlea of C57BL/6J-+/cir and C57BL/6)-cir/cir mice
than that of C57BL/6J-+/+ mice. The MYO7A intensity of the cochlear hair cells also increased in C57BL/
6)-+/cir and C57BL/6)-cir/cir mice compared with those of C57BL/6J-+/+ mice. Taken together, the results
indicate that Tmie protein may have an important role with MYO7A protein in the development and

maintenance of the stereociliary bundles during postnatal developmental stage of the cochlea.
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Hearing loss is caused by environmental factors, genetic
factors, or a combination of both. The hearing impairment
caused by genetic factors accounts for about 50% of the
total [1]. It has been reported that one in a thousand
newborn babies and one in three hundred infants have
congenital hearing loss. Besides, one in a thousand
children suffers from profound hearing loss before
adulthood [2,3]. Genes related to hearing loss have been
determined rapidly for scores of years [4]. There are two
types of hereditary hearing loss: syndromic hearing loss
and non-syndromic hearing loss. Syndromic hearing loss
is associated with other defects and occupies about 30%
of hereditary hearing loss. Non-syndromic hearing loss
is not associated with other diseases and occupies about
70% of hereditary hearing loss. Most non-syndromic
hearing loss is sensorineural hearing loss (SNHL), which
is caused by abnormality in the inner ear [5]. Non-
syndromic hearing loss is classified into autosomal

dominant deafness (DFNA), which accounts for about
15 to 20% of the total; autosomal recessive deafness
(DFNB), which accounts for about 80%; X-linked
deafness (DFN), which accounts for about 1%; and
mitochondrial deafness, which accounts for at least 1%
[6,7].

The circling mouse (C57BL/6J-cir/cir) is characterized
by deafness, circling behavior, and head tossing. The
mutated gene was transmitted by autosomal recessive
inheritance with 100% penetrance [8,9]. The circling
mice have a 40 Kbp genomic deletion that is involved in
Tmie gene and Rn49018 on chromosome 9, which is
homologous with human chromosome 3p21 [9]. Thus,
the circling mice are reported as an animal model of
DFNBG6 in human [8,10]. According to previous research,
stereociliary bundles of circling mice are disarranged
and shorten at 10-day-old. Eventually, the organ of Corti
degenerates completely by 21-day-old [10].
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Recently, Tmie protein has been reported as being an
essential element of the mechanoelectrical transduction
channels in hair cells because it joins the tip-link to the
mechanoelectrical transduction (MET) channels. Tmie
protein is composed of a ternary complex with the
protocadherin15 (PCDH15) protein of the tip-link and
binding partner and tetraspan membrane protein of hair
cell stereocilia (TMHS/ LHFPLS) [11]. In cochlear hair
cells, the motor protein of the stereocilia is composed of
MYO7A, harmonin (a PDZ domain protein), and sans (a
putative scaffolding protein), which exist on lateral links,
ankle links, and upper tip-link density (UTLD) [12,13].
MYO7A is mostly located in stereocilia as well as in the
cuticular plate [14,15] and plays an important role in the
development and arrangement of hair bundles [16,17].
Furthermore, MYO7A is essential in the transduction of
MET channels because it creates tension in the stereocilial
links such as the tip link [18].

In this study, the expression levels of MYO7A protein
were compared among C57BL/6J-+/+, CSTBL/6J-+/cir,
and C57BL/6J-cir/cir mice. The results suggest that
Tmie protein associated with the expression of MYO7A
protein during postnatal development of mechanosensory
cells in circling mice.

Materials and Methods

Animals

Circling mouse was discovered from ICR outbred
mice. After that, cir gene was maintained in the C57BL/
6] genetic background (C57BL/6J-cir congenic mouse)
[8]. We used littermate C57BL/6J-+/+, C57BL/6J-+/cir,
and C57BL/6]J-cir/cir mice without distinguish the sex.
The animals were kept in specific-pathogen free animal
care facility that maintained a regular environment:
22+42°C, 55+£10% relative humidity, and a 12 hr light and
12 hr night routine cycle. Normal rodent pellet feeds
(Cargill Agri Purina, Seongnam, Gyeonggi, Korea) and
water were provided ad libitum. The animal study was
conducted in accordance with the regulations of the
Institutional Animal Care and Use Committees of
Hallym University (Hallym 2009-58).

Genomic DNA preparation and genotyping

Genomic DNA was prepared from tails of mice. The
tail tissues were incubated with a buffer (1X SSC:
439 uL, 1 M Tris-HCIL: 5 pL, 0.5 M EDTA: 1 puL, 10%
SDS: 50 pL, 20 mg/mL Proteinase K: 5 pL) at 53°C for
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5 hr. Then the genomic DNA was purified by phenol,
phenol/chloroform, chloroform, and isopropanol reagents.
Refined genomic DNA was washed with 70% ethanol
and 100% ethanol and then dissolved in 50 pL of Tris-
EDTA buffer (10 mM Tris-HCI, 1 mM EDTA). The
concentration of DNA was measured at wavelengths of
260 and 280 nm. Genotyping was performed by polymerase
chain reaction (PCR) of genomic DNA. In this study, we
used 4 types of primers that are designed from the exon
6 of Tmie gene (55GGCAGAAGTGGACCCACACAC
CA3'and STTCCTGAGGTGGCAGCCGGG3') and the
deletion breakpoint (S'GATTCCTGTGAGCCCCAGCA
CCA3' and 5'ATCCATGTACAACATGGTAGAGACC
TGGAAG3') [9]. The PCR reaction buffer containing
rTaq Plus 5x PCR Master Mix reagent (ELPiS, Daejeon,
Korea), 50 ng genomic DNA, and 20 pmole of each primer
was subjected to the conditions of initial denaturation at
95°C for 5 min followed by 25 cycles of 95°C for 30 sec,
69°C for 30 sec, and 72°C for 45 sec and then a final
elongation period at 72°C for 10 min. The PCR products,
with total volumes of 30 uL, were separated by electro-
phoresis on 2% agarose gel. The PCR product band sizes
of Tmie gene and the deletion breakpoint were 794 and
571 bp, respectively.

Western blot analysis

Two cochlea tissues were dissected from right and left
temporal bone of P5 mice and homogenized in lysis
buffer (iNtRON Biotechnology, Seongnam, Gyeonggi,
Korea). The samples were centrifuged at 20,000 g for
30 min after sonication. Then 30 mg protein was boiled
with 1x sample buffer for 5 min and loaded on 6-10%
SDS polyacrylamide gel. After running at 100 V for 3 hr,
the proteins were transferred to polyvinylidene fluoride
transfer membrane (Millipore, Darmstadt, Hesse, Germany)
at 250 mA for 2 hr. The membrane was blocked with
10% skim milk at room temperature for 1 hr and incubated
at 4°C overnight with primary antibody: anti-myosin7a
(1:100, Abcam, Cambridge, Cambridgeshire, UK) or
anti-Beta actin (1:10,000, Sigma, Saintlouis, Missouri,
USA). Next it was incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody, anti-rabbit (1:2,500,
Cell signaling technology, Danvers, Massachusetts,
USA), and anti-mouse (1:50,000, Novus biologicals,
Littleton, Colorado, USA) at room temperature for 1 hr
and then proteins were detected by ECL (GE healthcare,
Waukesha, Wisconsin, USA).
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Whole mount immunofluorescence

For whole mount immunofluorescence of cochlea,
temporal bones of littermate were obtained at 5 days
after birth and fixed in 4% paraformaldehyde at 4°C
overnight. The organ of Corti were dissected from
temporal bones. Samples were incubated in 5% Triton-
X for 30 min and blocked with 1X PBS containing 5%
horse serum and 3% BSA for 1 hr. Tissues were stained
at 4°C overnight by anti-myosin7a (1:250, Abcam,
Cambridge, Cambridgeshire, UK). Next, the samples
were washed in 1X PBS at 10 times for 15 min and
incubated overnight at 4°C with goat-anti-IgG Alexa 488
secondary antibody (1:300, Abcam, Cambridge,
Cambridgeshire, UK) and Alexa 594 Phalloidin (1:250,
Life Technologies, Carlsbad, California, USA). Finally,
the tissues were washed with 1X PBS at 10 times for

15min and mounted with antifade on glass slides.
Pictures of outer hair cells (OHCs) and inner hair cells
(IHCs) were taken from parts of the apex, middle, and
base of the cochlea duct using confocal microscopy
(LSM 710; Carl Zeiss, Oberkochen, Baden-Wiirttemberg,
Germany). Then the intensity of primary antibody was
measured using a ZEN program.

Statistical analysis

For multiple comparisons, the one-way analysis of
variance (ANOVA) was used. All data were analyzed by
the SPSS statistics 22.0 (International Business Machines
Corporation Software, USA). Statistically significant
difference was defined at a P-value less than 0.05.
Different alphabets represent a significant difference.
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Figure 1. Genotyping by genomic PCR in the circling mice. A. Location of the primers for genotyping. E: Exon. |: Intron. B. Pedigree
of circling mice. Square and circle indicate each male and female. Also empty, compact, and half-and-half indicate C57BL/6J-+/+,
C57BL/6J-cir/cir, and C57BL/6J-+/cir, respectively. C. C57BL/6J-+/+ and C57BL/6J-cir/cir mice had the 794 bp and 571 bp bands,

respectively. M: Molecular size marker (100 bp DNA ladder).
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Figure 2. Western blot analysis of MYO7A at P5. Proteins isolated from littermate cochlear tissues at P5 used for western blot
analysis. Data were analyzed by one-way analysis of variance (ANOVA). Different alphabets indicate statistically significant

difference (N=3).
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Figure 3. Location of MYOT7A in cochlear hair cells at P5 by whole mount immunofluorescence. The cochlear hair cells stained with
MYQO7A antibody (green) and phalloidin (red). Images acquired from the middle cochlear turn. OHC: outer hair cell. IHC: inner hair

cell. Scale bar: 5 um.

Results

Genotype analysis of circling mice

To identify the genotypes of C57BL/6J-+/+, C57BL/
6J-+/cir, and C57BL/6]-cir/cir mice, we used two sets
of primers: exon 6 primers and deletion point primers.
The exon 6 primers were designed to amplify 794 bp
products from normal mouse. The deletion point primers
were designed to amplify 571 bp from circling homozygote
mice (Figure 1A). In order to verify specificity of our
primers, heterozygote (C57BL/6J-+/cir) male was crossed
with heterozygote (C57BL/6J-+/cir) female. From this
mating, four F1 progenies were obtained. These F1
progenies were used to identify genotypes (Figure 1B).
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As we expected, PCR products of 794 bp and 571 bp
were detected from C57BL/6J-+/+ and C57BL/6J-cir/cir
mice, respectively (Figure 1C). In our animal experiment,
we used animals after genotyping by the same method.

Expression of MYO7ZA in the cochlea developmental
stage of circling mice

The expression of MYO7A protein in the cochlea was
compared among C57BL/6J-+/+, C57BL/6J-+/cir, and
C57BL/6J-cir/cir mice using western blot analysis and
whole mount immunofluorescence. Expression levels of
MYO7A in C57BL/6J-+/cir and CS7BL/6]J-cir/cir mice
showed a statistically significant increase compared with
C57BL/6J-+/+ mice at P5, but there was no difference
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Figure 4. MYO7A expression in cochlear hair cells at P5 by whole mount immunofluorescence. The cochlear hair cells stained with
MYOT7A antibody (green) and phalloidin (red). A. Images acquired from parts of the apex, middle, and base cochlear turn. B.
MYQOTA intensity of the outer hair cells and inner hair cells was measured at parts of the apex, middle, and base of the cochlear
duct. Data were analyzed by one-way analysis of variance (ANOVA). Different alphabets indicate statistically significant difference

(N=3). OHC: outer hair cell. IHC: inner hair cell. Scale bar: 5 um.

in the expression level of MYO7A between C57BL/6J-
+/cir and C57BL/6J-cir/cir mice (Figure 2). To confirm
the western blot result, we measured the expression level
of MYO7A in cochlear hair cells using whole mount
immunofluorescence. In the middle part of the cochlear
duct, stereociliary bundles of hair cells in C57BL/6J-+/
+ mice were in a regular arrangement. MYO7A protein
in C57BL/6J-+/+ mice was expressed at the cuticular

plate and hair bundles (Figure 3). The MYO7A intensity
of cochlear hair cells was upregulated at the apex and
base parts of the cochlear duct in C57BL/6J-+/cir and
C57BL/6J-cir/cir mice compared with C57BL/6J-+/+
mice. There was no difference in MYO7A intensity
between C57BL/6J-+/cir and C57BL/6]J-cir/cir mice at
the part of apex and base cochlear turn (Figure 4).
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Discussion

Circling mice (C57BL/6J-cir/cir), with absence of
Tmie gene, have been considered as an animal model for
DFNB6 in human [19]. Tmie protein performs an essential
function in the mechanoelectrical transduction channel
as well as in development in cochlear hair bundles [11,
20]. In this study, expression of MYO7A was investigated
in C57BL/6J-+/+, C57BL/6J-+/cir, and C57BL/6]J-cir/
cir mice at postnatal day 5.

We have constructed two sets of primers to differentiate
the genotypes of circling mice at P5. Three genotypes of
uterine brothers; C57BL/6J-+/+, C57BL/6J-+/cir, and
C57BL/6J-cir/cir identified by genotype analysis were
used in this research (Figure 1). At PS5, expression of
MYO7A in the cochlea of C57BL/6J-+/cir and C57BL/
6J-cir/cir mice was increased 3.0 fold compared with
that of C57BL/6J-+/+ mice (Figure 2). Previous study
reported that the cochlear hair cells in the circling mice
were completely degenerated at postnatal day 21 [10].
Thus, expression of MYO7A protein from P6 to p21
should be investigated in further study. In addition, to
know relationship between Tmie and other proteins
which play key role in function of MET channels such
as PCDH15, TMHS/ LHFPLS5, Transmembrane channel-
like 1 (TMC1), and Transmembrane channel-like 2
(TMC?2) also should be investigated [21-23].

The MYOT7A is distributed at cuticular plates and
stereocilia especially in the upper tip-link density (UTLD),
lateral and ankle links [12-15]. In the present study, the
MYO7A was expressed at the cuticular plate and hair
bundles (Figure 3). The MYO7A intensity at base
cochlear turn increased in C57BL/6J-+/cir and C57BL/
6J-cir/cir mice compared with that of C57BL/6J-+/+
mice (Figure 4). The circling mice have a 40 Kbp
genomic deletion including Tmie gene [9] and become
deaf around P18 [24]. The Tmie protein is essential
element of the MET channels [11]. The stereocilia of
basal turn have more defect than that of the apical or
middle turn [24]. Since the stereocilia of cochlear in
circling mice have abnormal structure, there is possibility
that the MYO7A protein were over-expressed to make
up stereocilia abnormality. To confirm this hypothesis,
the expression level of sans and harmonin should be
measure in further study because the MYO7A forms
complex with sans and harmonin at the UTLD [12]. The
spiral ganglion neurons (SGN) in the basal turn decreased
with age. The decreased number of SGN shift auditory
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brainstem response (ABR) thresholds [25]. Thus, the
heterozygote of circling mice might be useful model for
mechanism study of age-related hearing loss. Taken
together, our results suggest that Tmie protein plays an
important role in the maintenance and development of
the stereocilia during the cochlea developmental stages
by interacting with MYO7A protein.
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