’ Blackwell
#) vublishing

Acta Pharmacologica Sinica 2006 Nov; 27 (11): 1509-1514

Full-length article

Expression of nicotinic acetylcholine receptor subunit a9 in type Il vesti-
bular hair cells of rats*

Wei-jiaK ONG**®, Hua-mao CHENG?*, Paul van CAUWENBERGE®

?Department of Otorhinolaryngology, Union Hospital of Tongji Medical College, Huazhong Science and Technology University, Wuhan
430030, China; *Department of Otorhinolaryngology, Ghent University Hospital, De Pintelaan 185, 9000 Gent, Belgium

Key words Abstract

hair cells; vestibule; rats; nicotinic acetyl-
choline receptor; single cell; reverse trans-
criptase polymerase chain reaction

Aim: To explorethe cdl pecific existence of a9 AChR in thevestibular typell hair
cells(VHC 1) of rats. Methods: To detect the expression of 9 AChR messenger
RNA (mRNA) in the vestibular endorgansand single VHC |1 of ratsby using the
reversetranscription polymerase chain reaction (RT-PCR) techniqueand the single
cdl RT-PCR technique, repectively. Results: It was shown that 9 AChR mRNA
was detected in the vestibular endorgans. By using single-cell RT-PCR, mRNA
encoding 09 AChR was also detected in the VHC |1 of therats. Sequenceanaysis
of the PCR products confirmed identity to corresponding cDNA sequencein the
predicted region. Conclusion: We established a method which could effectively
detect the cell specific expression of MRNA in an individual VHC. Present data
confirm that 9 AChR mRNA is expressed in the VHC 11 of ratsand indicatesthat
09 AChR may function asamediator of efferent cholinergic signaling in mammea-
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Introduction

The peripheral vestibular system consists of 2 sack-like
structures: the sacculus and utricle, and 3 tubular structures
known asthe semicircular canals. Vestibular hair cells(VHC)
were characterized astype | or typell based on their charac-
terigtic innervation pattern™. Type | vestibular hair cells
(VHC), which are shaped like bottles or flaskswith rounded
bases and short necks, are present in reptiles, birds and
mammals, but not in fish or amphibians. VHC | isinnervated
by an afferent nerve calyx engulfing the entire cell body.
Typell hair cells (VHC I1) have cylindrical shapesand are
innervated by both afferent and efferent nerve branches,
mostly synapsing with the basal part of the cell’*d. The
vestibular endorgans detect both angular velocity and lin-
ear acceleration, including gravity; theinformation from this
system is conveyed to the central nervous system via affer-
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ent nervefibers. Meanwhile, the efferent terminalsarisingin
the braingtem form direct synaptic contactswith VHC Il and
form postsynaptic connections with the afferent calyx sur-
roundingthe VHCI.

Thereisageneral consensus that acetylcholine (ACh) is
the major transmitter released at efferent synapsesin the
peripheral vegtibular system!*®. By using histochemical
techniques, acetylcholinesterase (AChE), the ACh inactivat-
ing enzyme, was localized to the vestibular efferent neurons
and endings”?. The choline acetyltransferase (ChAT) like
immunoreactivity was also traced to the efferent endingsin
vestibular endorgans™ ™. ChAT and AChE activity were
found in efferent terminal s contacting the basal area of VHC
Il and the afferent chaices surrounding VHC I. Cholinergic
receptors belong to 2 different classes: muscarine cholin-
ergic receptors and nicotinic cholinergic receptors (NnAChR).
By using various nucleic acid and ligand-bi nding methods,
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NAChR were also localized in vestibular endorgans®.

A total of 17 nAChR subunits (01-0.10, 314, v, §, ande)
have been identified in vertebrate species which can co-
assembl e to generate a wide variety of NAChR®!, The 0.9
and .10 subunits are localized predominantly in neuroepi-
thelial auditory and VHC?”?, although their presence has
also been found in other tissues®. Recent studies have
suggested the localization of MRNA in VHC of mammals.
Hiel et al locdized a9 AChRmRNA in VHC | and VHC 11 of
rats using in situ hybridization with 35S-1abeled ribo-
probes™®. Using immunohistochemistry techniques, Luebke
et al reported that in chinchillas, ratsand guineapigs, immu-
noreactivity to the o9 AChR was confined to calyces around
VHC | and the synaptic pole of VHC 11", The single cell
reverse transcription polymerase chain reaction (RT-PCR)
technique has higher sensitivity than thein situ hybridiza-
tion technique and immunohistochemistry techniques, par-
ticularly in studies aimed to localize the cell specific expres-
sion of receptorsin an individual cell'®. With thesinglecdl
RT-PCR technique, the cell specific expression of 09 AChR
in auditory hair cells has been reported®”. With the single
cdl RT-PCR technique, Lustig et al demongtrated the expres-
sion of 09 AChR mRNA in both the VHC | and VHC 11 of
chicks™®, However, expression of ®9 AChR has not been
detected in the VHC of mammals by using thesingle cell RT-
PCR technique. It wasreported that the innervation pattern
of the ChAT-likeimmunostained efferentsin humansissmi-
lar to that of other mammals, including rats*¥; there were
many differences between the efferent vestibular system of
birds and that of mammals®. Further investigations on the
ACh-ergic innervation pattern of the peripheral vestibular
system of ratswill help us to understand the efferent inner-
vation pattern of the human vestibule.

In the present study, in order to explorethe cell specific
expression of a9 AChRintheVHCII of rats, weused the RT-
PCR technique with gene-specific primers to detect the ex-
pression of a9 AChR in the vestibular endorgans of rats,
then used single cell RT-PCR with the same primersto detect
the expression of 69 AChR insinglerat VHC 1.

Materials and methods

RT-PCR An adult Sprague-Dawley rat (200-250 g) was
anesthetized and decapitated in 1 run of the experiment. The
temporal bones were quickly removed and placed in ribonu-
clease (RNase)-free phosphate-buffered saline (PBS) at 4°C
and pH 7.4, mimicking extracellular conditionscontaining (in
mmol/L) NaCl (129.4), KCl (5), MgSO, (1.6), Na,HPO, (0.3),
CaCl,(1.2), KH,PO, (0.4) and D-Glucose (16.7). Theosmolar-

1510

ity of the PBS was adjusted to 295 mOsm/L by NaCl. The
experiments were repeated 5 times. A total of 5 rats were
used in the experiments. The vestibular organs, including
the sacculus, utricle and superior and horizontal ampulla,
were dissected under Stereo Microscope (JSZ, Jiangnan
Novel Optics Co Ltd, Nanjing, China) and immediately ho-
mogenized in 1 mL Trizol reagent (Life Technologies Inc,
Gaithersburg, MD, USA). Thetotal RNA of the vestibular
endorgans was extracted from the tissue according to the
manufacturer’ sinstruction. Thetotal RNA was dissolved in
20 uL RNase-free water. The PBS was used as negative
control at each run of the experiment.

Gene specific primers for 09 AChR were used as outlined
by Glowatzki'®. The predicted fragment length for ©9 AChR
was 576 bp. The primerswere designed on different exons,
the sense primer (nud ectide 664—689): 5-CTCCTCATCCC-
TTGCGTCCTCATAT-3 and theanti-senseprimer (nuclectide
1239-1210): 5-GAGGCACTTGGCAATGTATTCGATA-
TTTT-3. Thegene specific primersfor the B-actin protein
based on the rat -actin mRNA sequence (NM_031144) were
used asinterna control. The predicted fragment length for
B-actin cDNA was 213 bp; the sense primer (nucl eoti de 303~
322bp): 5-CATTGTAACCAACT-GGGACG-3 and theanti-
sense primer (nucleotide 497-515 bp): 5-GAGGCATACA-
GGGACAACA-3'. Theprimerswere designed with theas-
sistance of Primer Premier 5.0 Software (Premier Biosoft
International, Palo Alto, CA, USA) to amplify afragment of
the sequence, including an intron.

RT and PCR were performed in the same tube according
to the manufacturer’ sinstructions (SuperScript™ I11, One-
Step RT-PCR System with Platinum® Tag DNA Polymerase,
Invitrogene, Life Technol ogies, Gaithersburg, MD, USA) in
aT-gradient thermal cycle (Biometra, Whatman Biometra,
Goettingen, Germany). A 20 pL RT-PCR reaction system
containing: 2xRT buffer (10 pL), 1 uL (10 pmol) gene specific
primers, 1 pL (20 U) RNase Inhibitor (Promega, Madi son,
WI, USA), 6 UL RNase-free water, 1 uL (1 U) RT® Platinum
Tagand alpL total of RNA. The RT step was performed at
45 °Cfor 60 min. The PCR had 40 cycles, the amplification
conditionsfor c9 AChRwereasfollows 95°C, 20s,58°C, 305,
72°C, 40s. Theamplification conditionsfor $-actin wereas
fallows: 95 °C, 205,54 °C, 30, 72°C, 30s. After cyding, the
reaction was extended at 72 °C for 10 min. The products of
thereaction werestored at 4 °C. Fivemicrolitersfrom the 20
ML products were run on a 1.5% agarose gel containing
ethidium bromide. Then remnant PCR products were given
to the sequencing company (BGI LifeTech Co Ltd, Beijing,
China) for direct sequencing using an ABI 377 sequencer (PE
Applied Biosystems, Foster City, CA, USA).
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Cell preparation Onerat was used for 1 run of the
experiment. A total of 5 runs of experiments were done as
part of this study. The tissue of rat vestibular endorgans
was dissected and immediately placed into calcium-free PBS
supplemented with collagenase A (0.25 mg/mL) (Sigma, St
Louis, MO, USA). After the endorgans were incubated in
the PBS solution for 5min at 4 °C, PBSwithout collagenase
I A was used in exchange to the solution 3 times. Subsequ-
ently, single hair cellswere mechanically dissociated from
the endorgans by cutting through the epithelium with a
sharpened needle under Stereo Microscope (JSZ, Jiangnan
Nove Optics Co, Ltd, Nanjing, China) at 4 °C. Thesingle
hair cellswere prepared for single cell RT-PCR.

Single cell harvest Singlehair cells were moved to an
inverted microscope (I1X71, Olympus Corp, Tokyo, Japan).
At 200x total magnification, an individual VHC Il wasidenti-
fied according to criteriaoutlined by Ricci et al™®. A glass
pipette with a tip diameter of 50 pm was attached to the
micromanipulator (Narashige, Tokyo, Japan). The pipette
tip was advanced with the micromanipulator until contact
with aVHC I, then gentle suction was used to aspirate the
cell into the pipette. Subsequently, the pipette with the cell
wasimmerged into afresh PBS solution at room temperature.
The pi pette went down with the micromanipulator arm until
its tip nearly made contact with the bottom of the glassy
utensil and the VHC Il were expelled by gentle positive
pressure. Finally, another glass pipettewith atip diameter of
10-20 pm, filled with about 2 uL RNase-freewater and 0.2 pL
(2 U) RNase Inhibitor was used to aspirate the VHC Il into
the pipette again. The contents of the pipette were then
immediately expdled intoa 200 L microfuge PCR tube con-
taining 4 uL RNase-freewater with 0.4 uL (4 U) RNaseInhibi-
tor using positive pressure; thetip, which was about 2 mm
long, wasbroken off. Samples of surrounding fluid and cell
debris were also aspirated and used as negative controls.
The PCR tubewas used in thefollowing reaction or stored at
-75°C.

Singlecell RT-PCR RT and PCR wereperformed in the
same tube according to the manufacturer’s instructions
(SuperScript™ [11 One-Step RT-PCR System with Platinum®
Taq DNA Polymerase, Life Technology, Gaithersburg, MD,
USA) in athermal cycler (Biometro, Germany). A 20 L RT-
PCR reaction system containing: 2xRT buffer (10 pL), 1 pL
(10 pmal) genespecific primers, 1 L (20 U) RNase I nhibitor,
6 UL RNase-freewater, 1 L (1 U) RT® Platinum Tag and PBS
with single VHC Il or PBS with cell debrisor surrounding
fluid (1 pL). These components were added and mixed by
flicking the tube, followed by brief centrifugation. The RT-
PCR reaction conditions were the sameas earlier described.

After the first round of RT-PCR, the second round of PCR
was carried out. In the second round of PCR, 1 L of the
products yielded in the first round of PCR was used as
template, using the same primers. A 50 pL PCR reaction
system containing: 10xMg*-free PCR buffer (5 L), 3 puL(25
mmol/L) MgCl,,4 uL (2.5mmoal/L) dNTP, 1 uL (10 pmal) gene
specific primers, 35 pL RNase-free water, 1 UL Tag enzyme
(Fermentas International Inc, Vilnius, Lithuania) and 1 pL
template. The second round PCR had 35 cycles and reaction
conditions of amplification were the same as the the first
round of PCR. Five microlitersfrom the 50-pL products of
the second round reaction were run on a 1.5% agarose gel
containing ethidium bromide. The remnant PCR products
were then given to the sequencing company (BGI Life Tech
CoLtd, Beijing, China) for directly sequencing.

Results

Expression of a9 AChR mRNA in the vestibular
endor gans The PCR products of the RT-PCR reaction using
thetotal RNA extracted from the vestibular endorgans asthe
template and the primers for a9 AChR and B-actin,
repectively, areshown intheir predicted sizes, approximately
576 bpfor a9 AChR (Figure 1) and 213 bp for B-actin (Figure
2). The possible amplification of the nuclear DNA would
have resulted in alarger PCR fragment. Negative controls
using the PBS as atemplate for each run of the experiment

1000
750

500

576 bp
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100

Figure 1. Detection of mMRNA encoding a9 AChR in the vestibular
endorgans. Lane M shows the DNA marker (100, 250, 500, 750,
1000, 2000 bp ladder). Lane 1 and 2 correspond to PCR products
from the vestibular endorgans and negative control respectively.
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Figure 2. Detection of mRNA encoding p-actin in vestibular
endorgans and single VHCs |1. Lane M shows the DNA marker (100,
250, 500, 750, 1000, 2000 bp ladder). Lane 1-7 correspond to PCR
products from each of 7 individual VHCs || respectively. Lanes a-g
correspond to the surrounding fluid and cell debris as negative control,
subjected to one round of RT-PCR followed by a second round of
PCR. Lane 8 and 9 correspond to PCR products from vestibular
endorgans while Lanes h and i correspond to the negative control
using PBS as template.

were all negative. The messenger RNA encoding the a9
AChHR and B-actin was detected from the vestibular endo-
rgans. The PCR products were directly sequenced; sequence
analysis of the band confirmed identity to rat B-actin and 09
AChR cDNA sequencein the predicted region.

Expression of a9 AChRmRNA insingleVHC || Mes-
senger RNA encoding B-actin and a9 AChR was also de-
tected in afew of the VHC II. Each lane demonstrated a
singleband at the predicted size, approximately 213 bp for 8-
actin (Figure 2) and 576 bp for 09 AChR (Figure 3). Seven
single cdlswere examined for the expression of B-actin and
all 7 cellswere positive. Twenty VHC |1 were examined for
theexpresson of a9 AChRand 4 VHC |1 werepostive (Table
1). Itiscrucial totransfer thesingle VHC |1 from the solution
which contains the dissociated individual cellsto fresh PBS
to avoid false positive results. In the negative contral, the
reaction that ran on the surrounding fluid bathing the single
cell and cdll debrisfailedtodetect B-actin or t9AChRmRNA.
Seven and 18 negative controls for B-actin and 9 AChR
respectively were doneand all werenegative. The PCR prod-
ucts have also been directly sequenced. Sequence analysis
of the band confirmed identity to rat -actin and o9 AChR
cDNA sequencein the predicted region.
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576 bp

Figure 3. Detection of mRNA encoding 09 AChR in single VHCs
Il. Lane M shows the DNA marker (100, 250, 500, 750, 1000,
2000bp ladder). Lane 1-4 correspond to PCR products from each of
4 individual VHCs Il respectively. For the rest lanes 5-7, the sur-
rounding fluid and cell debriswas used as negative control, subjected
to one round of RT-PCR followed by a second round of PCR.

Table 1. Results of single cell RT-PCR.

Experiment Number of Number of Negative
number VHC 11 positive VHC I control
1 4 1 3
2 4 1 4
3 4 1 4
4 4 1 3
5 4 0 4
Total 20 4 18

In the single cell RT-PCR experiments, expression of a9 AChR
mMRNAs in 20 VHC Il were examined; only 4 VHC |1 were positive.

Discussion

ACh has long been considered the efferent transmitter
of the peripheral vestibular system®®, |t was suggested
that thenAChR subunit o9 isone of theimportant mediators
of efferent cholinergic signaling in the peripheral vestibular
system. o9 AChR was shown to be present in the vestibular
sensory epithelium of ratsin in situ hybridization and immu-
nohistochemistry studies. Hid et al localized a9 AChR mRNA
intypel and type Il VHC of ratsusing in situ hybridization
with 35S-label ed riboprobes™®. Luebkeet al reportedthat in
rats, immunoreactivity to the o9 AChR was confined to caly-
ces around type | hair cells and the synaptic pole of type Il
hair cells*. Furthermore, Zuo et al demonstrated the ex-
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pression of 69 AChR mRNA in VHC utilizing green fluores-
cent protein coexpressed with 9 AChR mRNARY, In this
study, by using the RT-PCR technology, the expressions of
09 AChR mRNA was detected in the vestibular endorgans
of rat. By using the single cell RT-PCR technique, it was
shown that therewas expresson of 09 AChR mRNA in single
VHC Il of rats. It alsoindicatesthat VHC I of rats might
contain 09 AChR. The present study confirmed the expres-
sion of 09 AChR in vegtibular endorgans of rats and the cell
specific expression of a9 AChRmRNA inindividual VHCII
of rats. Singlecdl RT-PCR isahighly sensitivemethod which
can detect mMRNA molecule coding for a specific proteinin
an individual cell. One of the drawbacks of this technique
arisesfrom high senstivity: thereisahigh risk of false pos-
tive results due to contamination®”. In thisstudy, it iscru-
cial to transfer the single VHC 11 from the solution which
containsthe dissociated individual cellstofresh PBStoavoid
the false positive results. All negative controls being nega-
tivein this study indicate that this method could effectively
avoid the possible contamination and successfully detect
the cell specific expression of MRNA insingleVHC 1.

VHC Il are directly innervated by efferent nerve termi-
nalsand ACh isthe mgjor efferent transmitter in the periph-
eral vestibular system of rats™. In addition, ®9 AChR have
been localized to VHC 11 by using immunohistochemistry
techniques™ and the in situ hybridization technique®.
Furthermore, ACh can induce modifi cations of VHC I mem-
brane potential. Inthisexperiment, wefurther demonstrated
thelocdization of a9 AChRmMRNA inVHC Il. We indicate
that VHC || may possess 9 AChR. Theresultsindicatethat
VHC Il may bedirectly modul ated by ACh-ergic efferent ter-
minalsand o9 AChR may be one of theimportant mediators
of efferent cholinergic signaling in the peripheral vestibular
system of rats.

The 09 AChRisspecifically expressedin hair cdls of the
inner ear and isbdieved to beinvolved in synaptic transmis-
sion between efferent nerves and hair cells®”. It was also
reported that 10 AChR was a determinant of nAChR func-
tion in mammalian vestibular and cochlear mechanosensory
hair cells, and efferent modulation of hair cell function occurs,
at least in part, through heteromeric nAChR assembled from
both 09 and 10 subunits?#, Coinjection of Xenopus oo-
cyteswith 09 and 10 cRNA resultsin the appearance of
ACh-gated channels possessing properties that are distinct
from a9-injected oocytes. In particular, 09 and o10-injected
oocytes show ~100-fold larger currents, have a unique cur-
rent-voltage rel ationship, exhibit more rapid and complete
desensitization kinetics, and show a biphasic response to
changesin extracellular Ca?* iond?. Thesinglecell RT-PCR

technique can be used to detect the coexpression of a9 and
010 subunitsin a VHC because it can detect a set of MRNA
sequencesin an individual cell®.

In summary, the results of this experiment provide the
direct evidenceto confirm that VHC Il of ratsmight express
MRNA of c9 AChR. Itindicatesthat VHC I may bedirectly
modulated by ACh-ergic efferent terminals. However, the
natureof theexpression of t9AChRinrat VHC isdtill und ear.
Further morphological and electrophysiological studies of
VHC are needed to addressthisissue.
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