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|mmunohistochemical Localization of NMDA Receptor
in the Auditory Brain Stem of Postnatal 7, 16 Circling Mouse
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ABSTRACT

Glutamate receptors may play a critical role in the refinement of developing synapses. The lateral superior olivary nu-
cleus (LSO)-medial nucleus of trapezoid body (MNTB) synaptic transmission in the mammalian auditory brain stem
mediate many excitatory transmitters such as glutamate, which is a useful model to study excitatory synaptic deve-
lopment. Hearing deficits are often accompanied by changes in the synaptic organization such as excitatory or inhibitory
circuits as well as anatomical changes. Owing to this, circling mouse whose cochlea degenerates spontaneously after
birth, is an excellent animal model to study deafness pathophysiology. However, little is known about the devel opment
regulation of the subunits composing these receptors in circling mouse. Thus, we used immunohistochemical method to
compare the N-Methyl-D-aspartate receptor (NMDA receptor) NR1, NR2A, NR2B distribution in the LSO which project
glutamergic excitatory input into the auditory brainstem, in circling mouse of postnatal (p) 7 and 16, which have sponta-
neous mutation in the inner ear, with wild-type mouse.

The relative NMDARL1 immunoreactive density of the LSO in circling mouse p7 was 128.67 +8.87 in wild-type,
111.06+8.04 in heterozygote, and 108.09+ 5.94 in homozygote. The density of p16 circling mouse was 43.83+10.49 in
wild-type, 40+ 13.88 in heterozygote, and 55.96+17.35 in homozygote. The relative NMDAR2A immunoreactive
density of LSO in circling mouse p7 was 97.97+9.71 in wild-type, 102.87+9.30 in heterozygote, and 106.85+5.79 in
homozygote. The density of LSO in p16 circling was 47.4+20.6 in wild-type, 43.9+17.5 in heterozygote, and 49.2+
20.1 in homozygote. The relative NMDAR2B immunoreactive density of LSO in circling mouse p7 was 109.04+6.77 in
wild-type, 106.43+ 10.24 in heterozygote, and 105.98+4.10 in homozygote. the density of LSO in p16 circling mouse
was 101.47+11.5 in wild-type, 91.47 + 14.81 in heterozygote, and 93.93+15.71 in homozygote.

o] A7 2008 D star et ule] Adow ATEHGE
* Corr&pondence should be addressed to Myeung Ju Kim, Department of Anatomy, College of Medicine, Dankook University, San # 29, Anseo-dong, Cheonan-si,
Chungnam 330-714, Korea. Ph.: (041) 550-3856, Fax: (041) 556-6461, E-mail: mjukim99@dku.edu



54 Korean J. Microscopy Val. 40, No. 2, 2010

These results reveal ateration of NMDAR immunoreactivity in LSO of p7 and p16 circling mouse. The results of the
present study are likely to be relevant to understand the central change underlying human hereditary deafness.

Keywords : Circling mouse, Lateral superior olivary nucleus (L SO), Medial nucleus of trapezoid body (MNTB), NMDA

receptor, Deafness
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a., 2003). %A 2179 4z 27t Y £ shilE
=3 o] 3l (anteroventral cochlear nucleus, AVCN)el] ¢l&= o
B2 (bushy cell)oll A 2= FFE} o] EA FA} (glutama
tergic projection)& #x 7}&¢-gz| vl w31 (Thomp-
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al., 1999; Nakagawa et al., 2000). °]12] 7oA NMDA
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Wild type (+/+)

Heterozygous (+/-)

Homozygous (-/-)

Fig. 1. PCR analysis of tmie gene fragment in the wild (+/+), heterozygous (+/cir), homozygous (cir/cir) mice for anti-NMDAR immuno-
staining. Primer pairs designed for the sequence of tmie gene were used. Equivalent amount of each PCR reaction derived from each templates
were electrophoresed in each lanes of a 1% agarose gel. The expected tmie gene products (562 bp) representing the exon 1 coding region were
amplified from the wild (+/4) and heterozygous (+/cir) mice DNA. Sizes of molecular standards are indicated on the left, in bp.
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Fig. 2. Expression of NMDARZ immunoreactivity (IR) in the lateral superior olivary nucleus(LSO) of post natal 7 (p7) +/+ (A & D), +/cir (B &
E) and cir/cir (C& F). Ova shaped cells displayed high NMDAR1 IR which was most prominent in the +/+ while it was much faintly stained in
the +/cir and cir/cir. Note the decrease in the NMDARL expression in the neurons of cir/cir as compared with +/+. Scale bar: A ~C=100um,

D~F=50um.
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Fig. 3. Expression of NMDAR2A immunoreactivity (IR) in the lateral superior olivary nucleus(LSO) of post natal 7 (p7) +/+ (A & D), +/cir (B
& E) and cir/cir (C & F). NMDAR2A IR was highly expressed in all the groups with varying intensity. Darkly stained oval shaped neurons
appears to be prominently stained in +/+ while the staining was faint in cir/cir and +/cir in comparison with +/+. Scale bar: A~C=100um,

D~F=50pum.

Fig. 4. Expression of NMDAR2B immunoreactivity (IR) in the lateral superior olivary nucleus (LSO) of post natal 7 (p7) +/+ (A & D), +/cir (B
& E) and cir/cir (C & F). Substantial reduction in NMDAR2B IR was noted in +/cir and cir/cir when compared with +/4 both quantitatively and
qualitatively. Scale bar: A ~C=100um, D~F=50um.
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Fig. 5. Graph comparing the mean density for the expression of NMDAR1 (A), NMDAR2A (B) & NMDAR2B (C) in the lateral superior olivary
nucleus (L SO) of post-natal 7 (p7) wildtype (+/4), heterozygote circling mouse (+/cir) and homozygote circling mouse(cir/cir) (*, p< 0.005).

Fig. 6. Expression of NMDAR1 immunoreactivity (IR) in the lateral superior olivary nucleus(LSO) of post natal 16 (p16) +/+ (A & D), +/cir (B
& E) and cir/cir (C & F). NMDARL IR appears to increase substantially in +/cir and cir/cir when compared with +/+. The staining appears to be
highest in the cir/cir with visualization of small elliptical shaped neurons. Scale bar: A~C=100um, D~F=50um.

o) Wl e Axs) g naely e BN
Mol A7 dxed vafe @ 2o Ge A
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Fig. 7. Expression of NMDAR2A immunoreactivity (IR) in the lateral superior olivary nucleus(LSO) of post natal 16 (p16) +/+ (A & D), +/cir
(B & E) and cir/cir (C & F). NMDAR2A IR appears to decrease in both the +/cir and cir/cir when compared with +/+. Note the decrease in the
staining intensity of the neuronsin +/cir and cir/cir. Scale bar: A ~C=100um, D~ F=50um.
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OFHE (NR1, NR2A, NR2B)2| D{odHISA

z219] AR ool el o] Zr]e} mefe] xpolr) Q)
Ak, A% 16 € AF ] AAE(HH4), oI FAHFA (+ cin),
FHAYA (cir/cin 2] 71%9-&2] B3le| 4] NMDA 8- 9]
WA S 247 st

719 g a2 A5 TR A e AAHH, Al
B Fel|A Aufgo A NRLe| wigh wWejubgAle] 54
Fofog FAHUC 75| o] AAM = (lateral
olivecochlear neuron)2 A Z}t=]= NR1el| E-o]A <]

AR Ax AHYZ meoko] AlzEd elFge] MEEe]
T Ao FHAEA A NRLe] w3k Hqut
A "@Ag v, A oA FA A= HukeAd of
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w, A G A7) A EA A 55.96+17.35% 7}
A =%, AT oA A NME 77 43.83+10.49,
40+13.88¢] %1tk NR12] HAuREA Ml7]& o 34 Al
M AR 8.73% Wk, SHATA N E AR
o 27.67% A= ok AL vlue o, 7HEeEE
B3le]xe] NR12] HAGMA A7) 2ol o] A3,
TRAIA AN mF BAH o f-o)8kle (p<0.05).
Al 2 2o A] NR2AS] W ub-s-AdS 33 5 3lslA|

18 ot

,AGguk-eAle] A7l el wlel zbo]lE Rtk NR2A
wgubeAl A7l AAE, oA, B3 A
7} 47.4+20.6, 43.9417.5, 49.2+20.1 ©]3ic}. NR2A 9]
HAukAd o] A7) AR oA A A 7.38%
3 FHATAE 3.79%RHF Eokeh NR2A L] i uk-g-A
= 9] 719l uaeA] HaE o NR2AE NR1z
rE7 R 2 AA 2] WenbsAde AT A A
TR A Jehgeh A ol FAHTA AN THAHTE
A 1ot oFgt Wub-gAd o] FEE gl

NR2BO] HAGNAE A & BFollr] vehgeh A &
25o] J1Egege|nsloA 2 dAE NzEs #3
& 4 oot olwlA] A eA NR2B2] i A Alrell A
101474115002 714 E9ta, o3& )|, T35 g ol
A Zb7; 91.47+14.81, 93.93+15.71% eltel. NR2B2)
woAukeAd el A7l ATl wlawste] oA A <A
9.85% otar FHA A AN = 7.43% oot AL
2L 9 P59 u o] NR2BO| "Gl Aol
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Fig. 8. Expression of NMDAR2B immunoreactivity (IR) in the lateral superior olivary nucleus(LSO) of post natal 16 (p16) +/+ (A & D), +/cir
(B & E) and cir/cir (C& F). In comparison with +/+, the NMDAR2B IR is reduced substantialy in the cir/cir while in the +/cir, the IR shows no
reduction in comparison with +/4. Darkly stained oval shaped neurons can be noted in +/4 and +/cir whileit appears to be faint in cir/cir. Scale
bar: A~C=100um, D~F=50um.

(A) Mean density distribution of (B) Mean density distribution of © Mean density distribution of
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Fig. 9. Graph comparing the mean density for the expression of NMDARL (A), NMDAR2A (B) & NMDAR2B (C) in the lateral superior olivary
nucleus (L SO) of post-natal 16 (p16) wildtype(+/+), heterozygote circling mouse (+/cir) and homozygote circling mouse(cir/cir) (*, p< 0.005).

e F8 A4 7F5eeindea NMDA &4 o] "gub-gA Al7lE A I FATA, sFATAS &
o] ¥x5 Yoz AT Aot o AFAL 5 0 o= ¥U NR2BE] WHA-gA A7e Azl 7t

FAIA ] TP ndels N-vl-D ofash2exld 20ha, SRHATA, AT £o2 A deEhd
444 (NMDAR)2] o}l NR1L, NR2A, NR2Be] £xE  NRLZ} NR2AE A% 748 Aol nls] A5 16904
HAxA 3G S Fote] 3t A3}, A 74" A AT g Bl o NR2B= A5 160 = 743} 1]
Al NR1zk NR2B] "GN Al7]= A2l 7 53 "nk-gAd o] #2504
& =0kaL, 2 ool ol 3ARHA, FRA AL £olslen, WA A FEA A4 A7 =] A7l
NR2AS] HAGAA L SAATA AN 7P =74 debt A NMDA $8A& vl-¢ F83le (Gaarsaet a., 2002
3, ol A FA e AT o =tk AF 1699 A Dickson & Kind, 2003), &34 el uh-g ko34 A 9 -
oA NR1S] "9 GAA Al7Ie S3ATANM 71 5 75|88 A QANA ] SFEH o] B4 W] F
YL, I okl AT ol¥ARAS] wolsler, NRA - o7} BuH it 24 1AM 8% ¥ 31H ] o &ofolx
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oA 7HE9) g B 9l AIAAMIES] 96%7} HEHtE
AfA 2=l 2]t ZFEb o] EA u3-& Bl v,
24 9dellA] 1249 # 3F 9] ¥ Lefe| oAM= T wE
o] ©x] 31% Hlol| = x| ¢kl (Gillespie et al., 2005). £-3]
| SRl ol en AAAEe] A ] Lok A7)
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FHAA L] el Fo3 A4S e oz o
9le uq o]z whate A9 AA] o] F, 2A] Bul ol
g} Mz Apdou} Zale] ulds) AlA G A ol A
Alell = Frofghe} (Haberny et a., 2002). 2-Fefe| o] B 4
A E B3te] ZF A7HE A d AMSEE 36714
owq 2AE 7}¢d 3kt (Haberny et a., 2002) 24 4173
°] 94 ‘%}‘%M Fa3 Al71°ﬂ NMDA 48-A| &4de] =
]-zJo] 17—/& 73]74]5_,] HL%,,]_ 7]
€— gll:‘r (Ilkonomidou et al., 2001). &
el H=7]elA 11]2] (in vitro) $~8-A BH}HA};qaL o
E5 A7old A AT NMDA 484 ESo|dal
Saehlol o] A 24014 0U7AA FAAslehl A
ot} B 335}gv} (Rao et a, 1997). 28] A Al u]t e
n| Az} AAx 22 A (whole cell patch clamp)S- ©]
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A 2 F o] EFH A (neostriatum)el] 4] NMDAS2] Hk
& 24T vlol] whaw, 24 3YAE W] gur) 7Y
Aol F7kske uhe-& E Bal ¥
o] Zo]E7] AFEI . B st} (Colwell et al., 1998).
o218 NMDA 584152 Do 99 AR Fol 2=
A7dg 7 AssiHel os 243 (Ene et al., 2003).
oA AFEIN 7}29) el na 1A E M NMDA 5
A W Suds mRNAZE B ddEe Bon
(Caicedo & Eybalin, 1999; Sato, 1999). NR1, NR2A, 18|31
NR2Bel| Soel &A% ol ga|x Bugl o A7 o
sl NMDA 8-A7} Azke] Ztel] ol Hgub-gAl o]
dEiAm, M2 g8 A ZEA SolHoz A E]% A&
2eiFe} o]l NMDA 584)9] ofgiEe] 7bg 2 Wie
Holx A7l Aol AF 743 14U Ato]lz By
stalom, o] A7IE AWdA E7]E AlFse A7)t
(Joelson & Schwartz, 1998). NMDA =& <}3¢] mRNA
Ul e 2A}aE ATl o, F2AAA B 7t HeEe
cheFat A)7)9] wgtebAle] uhe xpEAl Bl o5zl
3 X373} 5) (Dunah et al., 1999; Cull-Candy et al., 2001;
Ritter et al., 2001). NR1 o}3]2] mRNA 232 =X 64
FE 7] ARt 24 19UAle] HuAE o] F
O Fele A% # A9 Foz Fadvhy nusigd
(Hofer et al., 1994; Sheetz & Constantine-Paton, 1994). o] 2}
t dzAom, X fFellr] NR2B o3 2] a2 ZA4] 3

ole ol:o rﬁ, r_'_',

|

ot

L FEeR wevh A uiﬂ-& Aoz Hustgle
7}

g4uEE /‘]7l°ﬂ ‘?—J’ﬁf&
AFeh= ks ez °]
g 7HA] 9
APsES] & *‘fﬁ““” i A
ol H9E dFsttel uet NMDA o}gje] 2pdA
o] F7be] et 7ol 23t Aoz Azt
AR A 7S 55 AFelA] kEmgA A -
7159 B A7 A A Ao kEutEA A E Al
AARES SFEI Ol E, GABA, 22119 Al 714 A174A
< B FHsle, &%‘3}—“ A #-7H5 91 &2
3 A7 AR A GABAast 2|l 4849 I
Wiz SEbE 0| EA A7A 27} T—c?% F Sxe A=ot
=4 A Ak} (Gillespie et al., 2005). sl o4 &

i,
o do
A

= g
12 m{ﬂ o
)

A-o)&2A A1 AAA Y AA= AE3E A1 32 E A}
=g ZA)Aq) ﬁg— 3t} (Gillespie et al., 2005). ZF-€}H)
1= A2ALL B4 F 000l A el oI @
Aol ARe0S BAE S04 L8 e A0S

AN AASE el A A Feeln ok mg<
3 GABAAl o} 2|29 AlA AR S| gl Lo B8
He] Feol = o] Fulsin] of Frelo|= Wi
o 8 NMDA 484 A eI Sol5el Be
AAA 2] B0l NAAge] Aol Fo3 g
< 3L A (Gillespie et al., 2005). 1 ¥ ofz}, 7}
zegeuale] Aade) WIE AAARBET 474
59] 1ol o=3h} (Sanes & Friauf, 2000). 3 = =)o)
AAZ 4 BB de) £AEE &4 Ve %
o 151808 )9 A28l ) 2rassich (Moore
1992). S84 ARAHAN Aope ANz TR
29 Age 744 (Kotak & Sanes 1997)% olz}, 27
AR AAA AA AR B w WA 71 LB
o e AANZES BV e sk,
she A Aol Sl AAEALe) FRRele) Yeiw bﬂﬁm
Ak o)l Fehstael Wshs vl JA T

ANAQRZE ARG B A AT iw—b— 3
213 ¢l H3l=S 25t} (Sanes & Friauf, 2000).

NR2A o} 35} ohe}, Wb 7haglgelnde] glx
AAAZES M 2] sxo] e voded, ot 9
NMDA 587 5e] whx] gt ute] Dol FuE: 2
HEgelAfut ] vkl Z]fsHA HeAE AHE &
4= qlt} (Ene et al., 2003). NMDA 84|71 &4 3}= 7|4t
3, NMDA #8417} 445 242 o 500 A xs &
o517 = e'dﬂl o) =3 1)-NMDA (non-NMDA) =£-7)
2 Ea Z4po] 4= ®»3 (Kandler & Friauf, 1995;
Kotak & Sanes, 1996)3t o2 75 v]sl NMDA 4=8-%)
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