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A RERT A ERERTFZERRBEOFKE NG
B I ORI & ST 5 Ak
—trk F A — Sk AEBERERESE R Lo R b —

SRAFELHET BRERPEHRE (EE &) WEED

o

2|

W SRR R A MERBRTREET 5 BNT, BERERRTREFRAORENR K L ORFEINNICL 705
E&E&%tb,%ﬁﬁﬁ%ﬁ%f%%ﬂfnvyfu?4vﬁ4$—z@ukﬁw~fmﬂﬁéﬁ¢3§ﬁ2%bfﬁﬁﬁ
&w#%wﬁﬁbt.xm%vmvvz@ﬁt&&ﬁ&&ﬁﬁwﬁmL,%i,%Eﬁ,maﬁiﬁﬁﬁﬁukxg%%%&
%Tﬁﬁm%%N,é5K&%v¢KK%MT@@&QMQQER%E%WK%&t.%@%%Jmﬁw—iaﬁféﬁwa
4 (trk, trkB, trkC) ® 3 b, BEURN HEEHE TOLMMER L TRR LR D O, Mk ERTF (nerve growth
factor, NGF) @ERMZAMEICHY TS trk THoT2. BaE R & A E S TP OMlatk & £ O & trk OFRBNR
bh,&%?amonfmﬁwfm%ﬁmﬁTL,Mﬁﬁﬁm&bhalﬁutot.%@mwmuk@%ﬁmﬁ&bt.@
SaEDNGICIT I T B B A 140 B RMT trk ORBOEMMRRD LA, bt FAEBYHE L7 IE# B~
vxfm,@ﬂ@@ﬂﬁ%@@ﬁ@%%ﬁﬁmmunk@%ﬁﬁﬁbbht.utD%%m5JWF%ﬁﬁﬁ§$¢mﬁ%m
a%%ﬁﬁﬂmfﬁiéh,ﬁﬁﬁﬁﬁe%ﬁ,m%.Eﬁﬁﬁ&@&ﬁ%ﬁ@ﬁ%%@ﬁ%%m%#Lfm%a%k&h
5. Lizhio CEEENEEC I 5 HEEERT L LT, NGF ARSEELREEZE L TV 5 RS

Key words NGF family, trk group, immunohistochemistory, olfactory bulb, olfactory

epithelium

i E B R P (nerve growth factor, NGF) (219544,
Cohen HIC X » THE IR, ACRHEEEHRH M AR o & /i A
Jan4{t, ik, EEMEFCEELREERLLTHA I LN
BHAK -7, Ebic, 20 NGF MR ORE, BE, #
EBCHEEL MINEESO =) V= -2 VHT
HARAE KFH, BER), PRE, 1 3 P EEKOE
BRI NETH D Z ENE LRI oTe. & 2 A TR
NGF BEO %7 53 mRNA LBECHEETSZ LB L
<Ebh EEC A NGF BEOFLEEHE LT, MK
EESONAEKERD= ) vIEH =2 - r vOEFCHES
LTwhbDEEZHRTWAY. L LEEITHREREL
5y F CREKRELF, SAFKERO =2V VIEFH%E
ma—B VT RFAIY VAT T - ERERT - TEHIC
B LIRER, 1| » ARCBVWTHRABO 2 ) vIEEH= 2 -
By ORLRRDIED T REF). Thiey LTEE RS
BHER > TWARABEER D= ) vIFEK= 2 -7 Vi,
ZOEERTHAHREDOBWEIC L 5T 0% D= — = Vi
BFErRECTIERILSFLR TS, FZTRERTER S I
% NGF - h ¥ THEIATVWARAHKFERO = Y V1E
M=o —r vOERCEETAOTIRRL, RilRo£EFCH
EF 50TV EOBEODS L, Rk HERERT

R 6 4EL2A16H%A, FHRTHE2A16HXE

Z7sik (nerve growth factor receptor, NGFR) PEBLTWA
NE SR RNBDICATREEEE L.

WUARRLE A A I & A (M) R OB L, BT LY
PHITE - RS EET D LV O BEyHOMERRTHH -
Lk, NGF L b 0EGEa i omiESH 25 L EL LR,
W 3175 NGFR ORBICETAHERThh TEL.
THETHbhTE-EERICETS NGFR R, E#
FM: NGFR 1T A Hitha i\ ek e 1 2 40
&, {EEFE NGFR © mRNA % v e FAEFHIFECL
BLOBREAETH 7. L L, EHEFE NGFR 2
NGF LMADO¥BRT, TibbMbkaERERF (brain
derived neurotrophic factor, BDNF) ® = o — = p 2 &Y -3
(neurotrophin-3, NT-3) T2 REHL LTHEDLOT »
%= & 7% Rodriguez-Tébar 5" % X Uf Hempstead H™IC LD
AL, EEFIH NGFR ORBEOZ TR EORBRT 1 HE
LTWBOMRETELI T,

BiE, BEfH NGFR 0—#% 2 — FLTW 2 EETH,
1986481z Martin-Zanca HIZ X » THWEZ RicRERRE RO A
AT — v THD trk DHNLRFE Y AERRHUESDF R VY
k¥ P AL VESLEBCRETA T b Ay ad—vT
BB LB LI, IR IO trk T b vav—Y

Abbreviations : BDNF, brain-derived neurotrophic factor; EPL, external plexiform layer; GL, glomeruli;
NGF, nerve growth factor; NGFR, nerve gr_owth factor receptor; NT-3, neurotrophin-3; OE, olfactory
epithelium ; ONL, olfactory nerve layer; PBS, phosphate-buffered saline ; PF A, paraformaldehyde




WMERIC BT D NCGF 7 7 3 V) —BERANSEGO S5

CED THREMEDOE trkB, trkC BEFHER I, trk (A)
BETEY (p140™) 13 NGF &, trkB G TEY (p145™) 13
BDNF &, trkC BIZFEM (p1457°) 12 NT-3 LEATHZ &
AUHIEBE LA AR B A S R C W B SR NGFR
(p75) & pl40™ A& L CEBAM: NGFR #HB L, p75 &
P FEE L TEBEMENE R REXBER TS HK
(brain-derived neurotrophic factor receptor, BDNFR) 2345, &
haEEZLRTWAY, BFEZ D trk (A), trkB, trkC #{EF
EMCRT55E8REER. T TSEEEE, ThHD
HifEr A THERBERFOERMEZIA SN~ v AREGEE
BOFEE, B, ZLCBWTEBFICED X 5 RET5H
PREFBFENTECI VEE, B L. SHOIWRKIRE
FEAOFBRTFHBFETH S & OEEITHETS XA GEHEOBK
MRROBEBRBIC BT 2 XEFBORETICOWTHHRE L.

HEE LU EE
. REGEEORE, KB, E{ARBEROLHOEXE
£

CEBRRENZ ddy-m v vy g v v A (BEBEREYE
EHAES, B #EALE. HBRBIIEERC BT A5
TFRRAEXBEORE LT, £HAKMIHEAXER OB EL
THELC., BATY ARERENIGBOELYH -, B~y 2
WA 2L ERER U BER V.

EAFBR O DI i414, 16, 188, £41, 10BRB LUK
B, Blb~v AL IME . 7ok, BRI 0.0IM Y v
ELZ ¥ (0.01M phosphate-buffered saline, PBS), Bl@EHIZIL
4% NI RNV AT T e F (4% paraformaldehyde, PFA) % {#
HLx.

FA4E14, 16, 18A OFEAREEIL, ThEFROAE TOER~
TADBEIZ RV FARAALEZR =L (RVTE—AR, L FEy
b, KBR) REEMEAES L, BT B L&A BT EE
%, TER»SLRBERERD H LESERHE LTT-1.

EHR 1 AOBEREIUL, KM ETEBRES, BEL,
4A%PFASMI w CHEEREESR, HEEE L LiT-1.

EHI0R, BIOBMB, E{b~y AOERRRIT, <v A
A E R —VERERE S X AREME, Bl L, SO ERE
BB, BrPRETE OB L IR R LT 5 .

T D%, A%PFA T4~ 8REOBRBEERETL, KT
25% v FEMY vEBBHAE KK T 1IRBER, EXr
OCT = vt v ¥ (Tissue-Tek, Elkhart, U. S. A) i/g#i L,
~20 ECHRE LIctE, 75442 %y T 10um OBELEYH %
RS L7,

Table 1.
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I. JLEFABEFILOESR

INEFUYRTy P ORI BT A7 I ) BREN O
BRI T R 5 2 &% Dahlstrom MR LTW52, %1
Pioro Hi3areFviERT » P OMRIZ BT S E v =
HRHED NGFR #FERIEEEHE LIz &hh, FRERRCE
WTHBROYERELERT5 2 L2 RELTLWBY, o
TEE, BREAEZEGOEERMYRAET A0, 24k
FURBRRTY AREE L. e F v Img/ke R~
TADEENCES L, 24REE AT & ROk TR g
LIRBROHEAE T 2 ER Lz,

. RO~ Z0AES

AV AR s = 100mg/kg HBEEE~ v 2 DIERERIC
HEH Lo, MERERL LCHEE T 1% HERY Fa1 v (+
vaHLUY ki 0.2ml Bt L. BB ESEEOE Y A
h, BETWE <4 72 FVY LR HCTRTEE ORI CHE
L, WlRsko FHeE+BH I, 208, i, THC
BoTEFRBAOE vEBWT, SR, DEENCAZERY
Ol Lz, CIMREI R 2 RIS CTREA LINAI A B L7z, )
UM 1, 3, 7, 14, 21, 288 B EFR R R & Rk
RRIL, FHRO L S HRETA 2 ER L.

V. St Saomst

RERBIRZTESY -5 v —HEAE (avidin biotin
peroxidase complex, ABC) BB TAS A FHF A LTI,

BREIA % 03% PS54 P VXY vEEEAEK (PBS
with 0.3%Triton-X100, 0.3%PBST) & 1 ~ 2 HE>3 71,
0.3% BB LARFEARINA 27 — M TIHBAREF A4+
F—EiEERHEIEL:. W CHEEROREEHALETS 2D
2% ERYFMBELIODERILEwE, | kT 8HER
IR, 1R E trk (763) Hidk, B trkB (794) #1
t, # trkC (798) #i {& (Santa Cruz Biotechnology, Inc.,
California, USA) #50fSICARUTHER L. 2KHAKE LT
ErF by FHR Y [gC Hik 2005 F R, TAGO
IMMUNOCHEMICALS, Inc., Camarillo, CA, USA) ¥R L,
BRI RE, 3, 3’ U7 XvF o vIERIER
¥ (3,3-diaminobenzidine,DAB) 12T 7 ~ 154 R ERIGE T -
7.

B #®

. EERERRICKITIHE

B trk (763), #1 trkB (794), #i trkC (798) Hiik H FH CHE
REET - R, M2 E TRV BRESED DD
B trk (763) HithTH » 7z, B trkB (794) & #1 trkC (798) Hitk

Summary of the trk expression in developing mouse olfactory tract

Expression of trk in

Region Objects El4 E16 EI8 Pl P10 Adult Colchicine Aged
treated
Olfactory epithelium Olfactory cells + H +# + + —+ H +
Lamina propria Axonal bundles H # H# o+ H + # +
Nerve layer - — + + H +#+ 1 +
Olfactory bulb Glomeruli - — + + H + H =+
Periglomerular cells — - - - -+ - 4 —
E, embryonic day; P, postnatal day.
Expression was graded : i, strong; H, moderate; -+, weak; =, faint; —, absent; nd, not determined.
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1. trk OREHER (F1)

1) RERK

trk OFFIIRELEHAEI0R ¥ TIXRMERO MG L
@MHDM?m5&6%@@%@@@@&&%%wmbbh

BB trk DRBFEERBHLOI, BEIBETH -7 (K
1& 4% 1 ARS8 oRMIE,A L trk DFEFEAHEEL,
HEBMCRRE AR - T (K 1B). £%108 LI, B0
MO trk ORBITRACHES LT o, FHEE FFT
i, R S h B BRAMREH A B H A T A L-
(K 1C), BER EE TIIREMA L » REIRABEMARKIES
R L, EESRBDONBEDEE 7 (K 1D). EELFA
& UCHIERRE TS REMER S 2R 2@ U TETE
EHETR L.

2) WEK

trk OFEFITHREBAI HEEE TEDLh. BHER
HERR - R R r T, REREHBIILHMYEL
T, W trk OFRBEEIR L. REREBIREIZE TIXEZH
MeTe AR O ARBRBIZERD b e\ 2%, BHREHEE & SRR
EOMzhFREEINTE LB BROARBELEEL, £
DEALIZ—F LT trk BRHE LTz (B 2A). 4851 BLE

I bTHhERBENZITTER

J

WRERGBBIZE 7 b, BACHE, S his (B 2B). BB
BIZAEBI0OE LA TH DA, BEREHERE L, KB TRy
BTAABRBI—H LT uk ORBELBED LN (K 20). #£4£
B CIIRBIRIZ 2 ERFREdIMET LT\ (R 2D).
trk OFEBEBEHTH LBER» D HAEBEBIC B TIXRMA
Raofats &, VEROEIRES 2 b5 EE EEEE O
LIMEEARME IR, "RERDRAMERMEE R L OARRKEE) O™EI
BBDONHOIEH LT, REHCEEHC BTG
TREHL, REROMBER S ELFEBRCHCEHYRAD
7z

2. trkB DRBERER

1) BERK

SR A @ U CR B &S B ORAEREHE R T e
3 trkB DOFRIZBD b hiedh -7z (K 3).

2) WER

B EEgIC trkB OHBIZED bhish o1,

3. trkC DRBEHER

1) MERK

£HEAE U TR R EBERERORMREHRGTh
3 trkC DRI TAD bhieh -t (K 4A).

2) IRER

JAEISH A bR 3 Bz TAREE, AERBE, e

Fig. 1. Photomicrographs of coronal frozen sections through olfactory epithelia, immunohistochemically stained for anti-trk

antibody in E16 (A), Pl

(B), adult (C), and aged (D) mice.

Olfactory epithelium of E16 mouse contains a lot of olfactory

receptor cells with trk immunoreactivity (A). Arrows indicate axonal bundles (Ax) with trk immunoreactivity. the the
difference in staining of immunoreactive olfactory receptor cells from E16 (A) to aged (D) mouse. OE, olfactory epithelium.

Bar in (A) indicates 50 um for (A)~(D).
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Fig. 2. Photomicrographs of coronal sections through olfactory bulbs, immunohistochemically stained for anti-trk antibody in E18
(A), P10 (B), adult (C), and aged (D) mice. Note that trk immunoreactivity of olfactory nerve layer and glomeruli from E18 (A)
to aged mouse (D). ONL, olfactory nerve layer; GL, glomeruli; EPL, external plexiform layer. Bar in (A) indicates 100 gm for

(A)~(D).
: BB gs o Wb LA trkC ORBITED Shich -
1 7o (K 4B). BWERSE ORMREEMEFIVTh oz s

] T Thore.

,g I. ALEFABYIRCETIEE
) 1. trk
i 1) BERK
! AR Lo & 5, BBELE < v 2 Tl oMtz
i WHREMATRTOLTH oM, bk F VB L - THEER
4 ROMAHEFAPRICRE TR S L 51T ot ¥70, KilEH

B ORI O S E M LM L (K 5A).

2) Bk

REAEILE < v A & ARSI BERHERE & RIRIFI uk DR
BR@Hbhf. BRECZ LK ate FVLER X - TH
W EERER AR R X h s (K 5B).

2. trkB
1) |mER
BAABLE < 7 A TREE I RTeh - TIREAEHER N 2L
= b S VIALER, FleREIhL.
o 2) Wik
Fig.3. Olfactory epithelium of adult mouse with trkB BEELE ~ v A TIIRAB I NTod - BRI HT
immunoreactivity. Note that trkB immunoreactivity in = trkB DREA DI,
olfactory epithelium was absent. Arrow indicates axonal 3 kG

bundles with no trkB immunoreactivity. OE, olfactory .
epithelium. Bar indicates 50 gm. BRLER, WERFIC, a2 eF v AEEI trkC DRE SR
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L RRED bhish - i,

I. RARUMERICHIT I8

1. trk (& 2)

1) |ER

WA DM 3 B BiCi24 < ORI %k LRAMaBy 4,
SBIEA Lic2t, THEXLHRAWEE LED, 288 BT

OB LELLREVWRTEE CTRERBAEE L. tk ©

Fig. 4. Photomicrographs of coronal sections through
olfactory epithelium in adult (A) and olfactory bulb in P3
mouse (B), immunohistchemically stained for anti-trkC
antibody. Note that trkC immunoreactivity in olfactory
epithelium (OE) of adult mouse was absent, but that trkC
immunoreactivities in glomeruli, external plexiform layer,
and mitral cell layer of E18 () were present. Arrow in
(A) indicates axonal bundles with no trkC immunoreactiv-
ity. ONL, olfactory nerve layer. Bar in (A) indicates 50
pm and in (B) indicates 100 gm.

il

RBIZAR IR T ~14F B CEB M L, BikE
BERBChI - THRAB I NI (K 6A, B). Z LIcEABMEO
i trk OB ED b, MBEEDORVGRER
BLTHEEREORMEEHER DL trk OBFEAER LT
o, ZTOHBABENTTHRESAIREKREIEAS L, g
REREIZERABEI: -7 (R 6C).

2) MREk

Fig. 5. Photomicrographs of coronal sections through
olfactory epithelium (A) and bulb (B), immunohistchemica-
lly stained for anti-trk antibody in colchicine-treated adult
mouse. Note the increased trk immunoreactivity in
olfactory receptor cells and axonal bundles (Arrow
indicates), and the new trk immunoreactivity in periglome-
rular cells (Arrowheads indicate). OE, olfactory epitheliu-
m; ONL, olfactory nerve layer; GL, Glomerulus. Bar in
(A) indicates 50 um and in (B) indicates 100 gm.

Table 2. Summary of the trk expression after olfactory nerve transection

Day after olfactory nerve transection

Region Objects 1 3 7 14 21 28
Olfactory epithelium Olfactory cells + + #H H -+ +
Lamina propria Axonal bundles 4+ + H#H Ht + H+

Nerve layer nd nd H# H
Olfactory bulb Glomeruli + + H +

Periglomerular cells - - + +
Expression was graded: #f, strong; 4}, moderate; +, weak; =+, faint; -, absent; nd, not

determined.




RERIZBITA NGF 7 »

BREIMTER14A B ¥ CIRBEEMBIRB LI X T, £0
BARRBIZITEA ERBE IR 7. 218 BIZix#GFAE L
IR E RO SR B X5 Iis b, Z DB L AREBICH
W trk ORFEFD . GARAREMRIFT A REBIAE (K
TA). 288 BWCIXE LI BB NE L iro7edt, 210 H

Fig. 6. Olfactory epithelia of 7 (A), 14 (B) and 28 days (C)
after olfactory nerve transection. Note the increased trk
immunoreactivity in olfactory receptor cells and axonal
bundles of 7 and 14 days after transection. OE, olfactory
epithelium. Bar in (A) indicates 50 um.
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CHAREMRIZET Lz,
DY ML IR LI (H TB).
2. trkB

1) RERK

BRELE < v R TIRRE I N Inh - TS E A B O g
RRMERD, RATME I BE» 5210 B X CHACRE IR
fo. BRI B I hich o T,

2) MAER

LA EIMT 21 B BN AR B I e R R BB TR
DRLMIRB I hich o7z, ARGIZLHM2 B U TRE R
nich ot

3. trkC

MR ERE, R E HITHRYINE28H B F T trkC ORBITR
DRI 5T,

AERIE B IFRA M~ v = L ARE

z -3

NGF #AHR#ERIZ S FFET B Z &% Thoenen 528198548
CHE L TEE™, BRICKT I MERBERTFORERHY
EOWTOFRERKL IR T Lm0 2 e
NGF i2¥2/%, ANKE, MEICBEICEEL, FINEESD =
VR = o - m VICHTTEIRS X R, FOEFHERICER L

Fig. 7. Olfactory bulbs of 21 (A) and 28 (B) days after
olfactory nerve transection. Note the increased trk
immunoreactivity in olfactory nerve layer and glomeruli of
21 days after transection, and the new trk immunoreactiv-
ity in periglomerular cells of 21 and 28 days after transec-
tion (Arrowheads indicate). ONL, olfactory nerve layer;
GL, Glomerulus. Bar in (A) and (B) indicates 100 xm.
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TWAZERPELBRERTVLAY, BERTAKEIS NGF
RIhECHREERORATKERD 2 ) viFB K= a—=
VOLEBEHBFCEET B LEL AT,

—7, {EEF% NGFR B LTk, E8FM NGFR =5
iR o R LENTT R X 5 BRA1980ER D 5
BexEHEZIh. TO3 BB EFE LTI, RAEYOE
LETERER LW |ED &, WG, #ikek,
BRERETE T LV OBEP b h w5, HEBREROM
BRI B LT B A 0 S BRI 2 T 383 LB
WIZRER LW E VIR L RS » P TREYR
BleE WO S IRE. BERCBTA2REFEELT,
Pioro HikaieFvi 35 v FREWHEALLE, BB
NGFR A RufaXhizZ &2vh, MiBMMs NGFR DEE4
MlaThy, REREVREIRDETHB EEZL TV Y,
F O, SEERE & B NGFR B0 50, 2hbd
DHFEAADARIRGEDOREWTERL T B LOBEL H B,
Fiz, Miwa Hid < v AR TIN# O EFFYE NGFR O FH %
BEL, YN T ~350 BRI, SZHERE L CEEMmR
BT R A 82 T 5%,

ZOLX5, ThETORRRIWTFRLERMNYE NGFR
KT oG AGCCREARLFERECIAb0DRTHD, &
BRIk NGFR ORR L T~ PRITEh -7, S~ 8
Eh b ESFMY NGFR ORI NTFLH NGF L OBERO A
AT HOTIRiew. FEOSRIOERIC LD, FHTREK
EEBRICEEAY: NGFRARETH - EBER S A

trk IEZRAEIAA D HEERE CAHMEB U CRELRTAD S
Rty HCRREIBR D SERI0E ICh T TR MG T
BMORER LA Exb, BEH TR I »EEMNE
NGFR DAL T3 EHEEhic. —F, RBTI
WA O MIRE O REMIZEEE LTV ek, areF vy
o, BREEY T ry 7 TH 2L LD, IRED tk 38
DB ERL-Z Enb, REHCS T LESFY NGFR
BRI CTEEINTHEZ EIZELLTHD.

~7, BREINTEER TR 7 B 5140 BTkt s
L OMRAEARMEIC trk ORFH AWM B, 21HE, 8AH L
BT A oRTREITES Lic. SRR TR OB e
DEEYELZOEREABEO~ I A BWTHEL, UME28
AOREBEIEELLEEEL TV, ZOoRRIL, ¥
Witk28 B TIAE S ORMIQITREK L O v F S ARERETET T
530DLBbhD. SEDOEBFERCUTIDCARL L, BE
NET LisWEEER, WM 1 5 &5 NGFR 0 &5
REMLTWBL0EELLRD.

HENOR K EBERBOBREFCHKBLTVD81, &
FEDEIRE v T AREEEE LV RN S 8
THEWSHTHD. SEOHRTIE, FHEYW, BEREOM
BEERC trk OFBEHAEIMLTWB I Eh b, RETTREMKK
trk ORBEHHEINL, BELDOvF FAKAORE T b bR
MPaoR# L ke, vk OBRIIFPATHIDLEL LA

IhHDHS E QL & 5 AeBIMRAS, RIS (B E) BNt
D NGFR OB d B bl 5. BHTH &, RigEe2 Y]

Widal, HBMEDRMADOY . 7 vHlkaT NGF &

NGFR D&M &EE D, FRADOEINM T NGFR OREEL H
¥%5. RMflo NGF A$ Ao NGFR K ZFE I h,
NGF-NGFR # &40 TR LM ¥ THTHMEIh D &

N

NGF OB X W ROBEAENRZ 54, MEAFLEL, #
BOBAENETT%E NGF & NGFR 4T 5™, miimiy
DHBE, BEYZTCRMRIESE,» SR Y, Fioi
BRI O AENERILTA I LRI - TCEBENET TS, 20
i NGFR ORBEAEEL, FLTELDETThbbE
REDOUFFAFLEESIT LD NGFR ORBENETLTWB I &
Db, Z OO NGF 8 L 0 NGFR (I EMEEOEA &L Rk
W, BETAIMBOEBS AVIFOFAMTELE LTV
THEWEEEL bR .

BIPIC NGF BBERFEELTCWAZLRALAT WA
B, TORECELTRBREEC L > TEFOREWRZLA
B, ki, BETAR LB NGF ofZ LTIk, o
NGF &M THHEBECANEEN TN FRPRE, <4
FNPEEREO ) VEBIR = 2 —m VEEBRT DO LR
©, 78 —h AR OLTFHECEE TS L ELLN
TWwa., L L, BHIBRCI D5, FHERIEE TS »
FORIKREET > TR AR = 2 - VOEBRIEI b
Dofel thbd, ZThETORICITEMNEBS. BEL v
AR FEORMBIAEICEE EBAEVRVET LV BERIE
MlTHHZ L, FNSEORRTRAMCBECEELL
trk 2%, BRBE & BICRRTHSER LI ES DD, B
DFELE, EFIZREKO NGF 238845 LTV 2 AT4EM: 235 < R
Ehic.

LEOERT trkB ORI =L b o o LT T UK HIN
BO—RIHCEHMERERCRETE Y ADLIDORATH o .
Deckner HIZBUET » P& AWT trkB ORB & REAMILE
B L, WKL BRI R R RO L /ELT
BO?, B kB 3 FETHHOLEbhS. Ll
TORBOBEIBIVBIZSED trk LHETH E47, B
MaOBEESETATREEREVLDLEEI L. trkC
CBIL TR IR E TR EETRERERTWAR V. FidD
Deckner H D& CIIEBANETHEBE AT TV X1 - a v
EW X D trkCmRNA 2MRERD (IR & BAMIICER L
EREITVWEY. SEORRTLBERBICE - TRKA
12 trkC OFEREBDTE D, WERAICIT trkC BFET S0
EEbhD. £ bih~<I X 31, trkB 1 BDNF &, trkC i
NT-3 L ZnEFhfEEL, TORELRETLZ L0 HMHRT
LB e i ST, RO E A 3T NGF 0B 5 IR
B b oD, BDNF, NT-3 o5 bicnb oL Bhbhi. L
L, BAEROBAED D IZEFHERE NGF ORCEKET S
LDIRDh, HBWE NGF BERSIERIAKILSDTH AN
v ARl T, SEOREHERIEENFEOLTI
HETET, SLRERFIDETHDZLEDLND.

2T, SEDOERTRIC R H & PN FBRE S - f2 A
i, R & RERARERGICRIT S trk ORBKLHOEVTH
5. BEEBCREVTH, BEBBCRVWTIWTRY, BY
IR 3T S trk ORBEAEEL, FORBAIWMBTHE
LR ARBEBCORENMER LTV . Zhid, NGFR 2VEAl
JaD BB & ST O EFRRIAIC X D £ T H LK
BT EEERLTE O, NGF SRS T 5 BEICE B
#HEW NGFR OBGWEBEAELNhB L5 STHERVE
ﬁ?ba.ﬁTm%%meﬁ%%ﬁ%mv*ix%E%@%
FMETRACTERLEY. ZORE, BB » tOvF 72
BWEY 100% & LIEE, REIOAT6%, EH 0 TI6% %




WEBIC BT D NGF 7 7 3 ) —EBEANSEGBOHTH 213

LCAEHIOA T 57% TH Y, BEBRE» AT
TEECYF 7 ABENHEMTH EHE L. SEOKETD
4% 1 ADBRMRTO trk ORBE LR TOREROERC
oh GRl), TORRY I S AOHRCERE KR EE LS
i, Filz, BREIMTSERR Tz Dl #21 B Bwiiiila c o trk
DRERBOBHB I VARBETORBEOHBRY X% (F2).
Graziadei HDF— S #2757 4 — %AV ERTEMK
DE—vF—A"—DORIITHE LBE IR THH9, 4[q
DERTCIIYTEER2IHBIZ Y 7T AREEOE - 245D, 28

B EIZBTORBCER L TE ), AEOKERTHS
PDEE LT,

BHIZ, SEORRIEE T, s F VLB 4T - 18
o, BREIMTER21H B e SO AEHI0H BRI o 5Bk
Wi tthk ORBELXHEL B, EAREMB BT 5
NGFR ORBTBRIC HBHEI R TH O, Ela0FA M
LIDOBERERFOLDOLEEINSG.

SEOERIEREN S LR EEFIY NGFR 23538
LTWBZ LB L, RERERORE, B, Bk
BEEROBEIREIC NGF 23845 L TUh A A REERE W Z & 48
TRENZZ L LD, NGF 2L ETOMEEBRFOH L
PIREEEOHRRIEC 7 ) 5 2 A EMIARE Shic. Bkt
SOEPRIZL Y, BICLA2RBEETOMBEREFOBEDH L
DEREAGHLERELHETD O, FROICHPEREZR T RIEY
EERENERIEAZINDHE, SEOERERIZTREBOR
BBELE U COREGER BT 5 MR B R T 0 B pse
F—2ERRTELLDEEDLNS,

B

~ U ARFEEBRIZIIT S NGF 7 5 3 ) —DSEBOIREE
¥, BEMEZEEY - FLTW2 trk 20— 7 OBETFE
Wi B HEE G TREARENCRE L, LToREY
B,

1. 2% 8 CCHREYRDE DL trk, trkB, trkC D 3
b, ttk THo. o0, WEGHRORE, R, EFER
& NGF 2R T & LCBEE LT BaElnb s = &
PR X i,

2. trk ORBIIBAELR»HEZEH T THDONL . B E
BCTIRRLAT R o R th & M IEEE B oo AR AR I, R T
IR, RERBI ALY D,

3. AR CIZRAEIBBICRARD trk OFE AT, LIkt
BRI TRA L, SHCHBY, BEDEMBICHE -
RERAIB WA Uiz, REETIRIREISAL S trk DRE
ERDI,

4. ORI 7T ~148 Bio, BARMISORIIE & B
BRI trk ORBOMBA RS, LE28H B ¥ T L.
REREETIRA TN 21 B B RB OBy B, 28H B
WIRSEIMT ~ w R 2 B btz SR MET Lz,

5. RET Y RIZOWT A e F v LB CEIZRERS AN L
TRER, Wb B TV O MR b R E A B O LR AR
R trk DRBOMBEHTED SR, BIRTITERRE@IICE
iR B8R .

DEORR L h B EERORE, R, EEME L mEm
EROEMBOFERIC, NGF 2B EEAGELE LT3
LRI P,

2

o [

MERLDES, WS LAERYIED ¥ LB ki
LUNT, REOEZOMEEOR, ML EE ¥ LR ASES KT AH
BREEE-REESL, ARBZELIRERsHBLRLET. &
RELHBEYBD ¥ LeSRAFES SRS = ERR 8%
R LET. BRCATRCHBIRES 2 LsRAYE
FEERAERREEEOERICE BRI LET.

sk, APVFRO—IMITHBEPENRE, SRAFELNEAERL
KL oteZ bR T S,

X [

1) Cohen, S., Levi-Montalcini, R. & Hamburger, V.: A
nerve growth-stimulating factor isolated from sarcoma 37 and
180. Proc. Natl. Acad. Sci. USA., 40, 1014-1018 (1954).

2) Levi-Montalcini, R. & Angeletti, P. U.: Nerve
growth factor. Physiol. Rev., 18, 619-628 (1968).

3) Thoenen, H. & Barde, Y. -A.: Physiology of nerve
growth factor. Physiol. Rev., 60, 1284-1335 (1980).

4) Whittemore, S. R. & Seiger, A.: The expression,
localization and functional significance of p-nerve growth
factor in the central nervous system. Brain Res. Rev., 12,
439-464 (1987).

5) Thoenen, H., Bandtlow, C. & Heumann, R.: The
physiological function of nerve growth factor in the central
nervous system: comparison with the periphery. Rev.
Physiol. Biochem. Pharmacol., 109, 145-178 (1988).

6) Ebendal, T.: Review Function and evolution in the
NGF family and its receptors. J. Neurosci. Res., 32, 461-470
(1992).

7) Korsching, S., Auburger, G., Heumann, R. Scott, J.

‘& Thoenen, H.: Levels of nerve growth factor and its

mRNA in the central nervous system of the correlate with
cholinergic innervation. EMBO J., 4, 1389-1393 (1985).

8) Whittemore, S. R., Ebendal, T., Larkfors, L., Olson,
L., Seiger, A., Stromberg, 1. & Persson, H.: Developme-
ntal and regional expression of B nerve growth factor
messenger RNA and protein in the rat central nervous
system. Proc. Natl. Acad. Sci. USA., 83, 817-821 (1986).

9) Maness, L. M., Kastin, A. J., Weber, J. Y., Banks,
W. A., Beck man, B. S. & Zadina, J. E.: The neurotrop-
hins and their receptors: Structure, function, and neuropath-
ology. Neurosci. Biobehav. Rev., 18, 143-159 (1994).

10) Alter, A. C. & Bakhit, C.:

transport of human recombinant nerve growth factor from

Receptor-mediated

olfactory bulb to forebrain cholinergic nuclei. Brain. Res.,
541, 82-88 (1991).

11) Rodriguez-Tébar, A., Dechant, G. & Barde, Y-A.:
Binding of brain-derived neurotrophic factor to the nerve
growth factor receptor. Neuron, 4, 487-492 (1990).

12) Rodriguez-Tébar, A., Dechant, G., Gotz, R. &
Barde, Y-A.: Binding of neurotrophin-3 to its neuronal
receptors and interactions with nerve growth factor and
brain-derived neurotrophic factor. VEMBO. I, 11, 917-922
(1992).



214 ‘ W

13) Hempstead, B. L., Martin-Zanca, D., Kaplan, D. R.,
Parada, L. F. & Chao, M. V.: High-affinty NGF binding
requires coexpression of trk proto-oncogene and the
low-affinity NGF receptor. Nature, 350, 678-683 (1991).

14) Martin-Zanca, D., Hughes, S. H. & Barbacid, M.: A
human oncogene formed by the fusion of truncated
tropomyosin and protein tyrosine kinase sequences. Nature,
319, 743-748 (1986).

15) #ARBE, 8 EH:MENRETF7 » 3V —& trk#iE
FEY. RBRES, 10, 126-131 (1992).

16) Kaplan, D. R., Martin-Zanca, D. & Parada, L. F.:
Tyrosine phosphorylation and tyrosinekinase activity of trk
proto-oncogene product induced by NGF. Nature, 350,
158-160 (1991).

17) Kaplan, D. R., Hempstead, B., Martin-Zanca, D.,
Chao, M. & Parada, L. F.: The trk proto-oncogene
product: a signal transducing receptor for nerve growth
factor. Science, 252, 554-558 (1991).

18) Klein, R., Jing, S., Nanduri, V., O’'Rourke, E. &
Barbacid, M.: The trk proto-oncogene encodes a receptor
for nerve growth factor. Cell, 65, 189-197 (1991).

19) Soppet, D., Escandon, E., Maragos, J., Middlemas,
D. S., Reid, S. W., Blair, J., Burton, L. E., Stanton, B.
R., Kaplan, D. R., Hunter, T., Nikolics, K. & Parada, L.
F.: The neurotrophic factors brain-derived neuro trophic
factor and neurotrophin-3 are ligands for the #rkB tyrosine
kinase receptor. Cell, 65, 895-903 (1991).

20) Klein, R., Nanduri, V., Jing, S., Lamballe, F.,
Tapley, P., Bryant, S., Cordon-Cardo, C., Jones, K. R,
Reichardt, L. F. & Barbacid, M.: The trkB tyrosine
protein kinase is a receptor for brain-derived neurotrophic
factor and neurotrophin-3. Cell, 66, 395-403 (1991).

21) Lamballe, F., Klein, R. & Barbacid, M.: t7kC, a new
memmber of the trk family of tyrosine protein Kinases, is a
receptor for neurotrophin-3. Cell, 66, 967-979 (1991).

22) Dahlstrom, A.: Effect of colchicine on transeport of
amine storage granules in sympathetic nerves of rat. Eur. J.
Pharmac., 5, 111-112 (1968).

23) Pioro, E. P. & Cuello, A. C.: Purkinje cells of adult
rat “cerebellum express nerve growth factor receptor
immunoreactivity : light microscopic observation. Brain Res.,
455, 182-186 (1988).

24) Thoenen, H., Bandtlow, C. & Heumann, R.: The
physiological function of nerve growth factor in the central
nervous system: Comparison with the periphery. Rev.
Physiol. Biochem. Phatmacol., 109, 145-178 (1988).

25) Bf B: ROWAEXRERT. WEXBRETLIONLD,
# 1 hK, 80-108 B, ¥4, HI, 1992.

26) Ayer-Lelievre, C., Olson, L., Ebendal, T., Seiger, A.
& Persson, H.: Expression of the B-nerve growth factor
gene in hippocampal neurons. Science, 240, 1339-1341 (1988).
27) Hofer, M., Pagliusi, S. R., Hohn, A., Leibrock, L.
& Barde, Y-A.: Regional distribution of brain-derived
neurotrophic factor mRNA in the adult mouse brain. EMBO

/i

J., 9, 2459-2464 (1990).

28) Maisonpierre, P. C., Belluscio, L., Friedman, B.,
Alderson, R. F., Wiegand, S. J., Furth, M. E., Lindsay,
R. M. & Yancopoulos, G. D.: NT-3, BDNF, and NGF in
the developing rat nervous system: Paralle]l as well as
reciprocal patterns of expression. Neuron, 5, 501-509 (1990).
29) Yan, O. Y. & johnson, Jr. E. M.: An immunochisto-
chemical study of the nerve growth factor receptor in
developing rats. J. Neurosci., 8, 3481-3498 (1988).

30) Vickland, H., Kott, J. N., Bothwell, M. A. &
Westrum, L. E.: Nerve growth factor receptor and the
transplanted rat olfactory bulb. Exp. Neurol, 115, 137-141
(1992).

31) Vickland, H., Westrum, L. E., Kott, J. N., Patterson,
S. L. & Bothwell, M. A.: Nerve growth factor receptor
expression in the young and adult rat olfactory system. -
Brain. Res., 565, 269-279 (1991).

32) Aiba, T., Mori, J. & Nakai, Y.: Nerve growth factor
(NGF) and its receptor in rat olfactory epithelium. Acta
Otolaryngol (Stockh)., 506, 37-40 (1993).

33) Miwa, T., Moriizumi, T., Sakashita, H., Kimura, Y.,
Donjyo, T. & Furukawa, M.: Transection of the olfactory
nerves induces expression of nerve growth factor receptor in
mouse olfactory epithelium. Neurosci. Lett., 155, 98-98
(1993).

34) Tayrien, M. W., Koh, S., Springer, J. E. & Loy,
R.: Immunocytochemical localization of nerve growth factor
(NGF) and NGF receptor in the rat olfactory bulb. Anat.
Rec., 214, 133A (1986).

35) Pioro, E. P. & Cuello, A. C.: Distribution of nerve
growth factor receptor-like immunoreactivity in the adult rat
central nervous system. effect of colchicine and correlation
with the cholinergic system- I . forebrain. Neurosci., 34, 57-87
(1990).

36) Gomez-Pinilla, F., Cotman, C. W. & Nieto-
Sampedro, M.: NGF receptor immunoreactivity in rat
brain: topographic distribution and response to entorhinal
ablation. Neurosci. Lett., 82, 260-266 (1987).

37 ZHEE: v v ABRUINEOTERRL S AT
HE(LBIT pBF%. +LEK5E, 98, 391-414 (1989).

38) Heumann, R., Lindholm, D., Bandtlow, C., Meyer,
M., Radeke, M. J., Misko, T. P., Shooter, E. &
Thoenen, H.: Differential regulation of mRNA encording
nerve growth factor and its receptor in rat sciatic nerve
during development, degeneration, and regulation-Role of
macrophage. Proc. Natl. Acad. Sci. USA. 84, 8735-8739
(1987).

39) Johnson, E. M. Jr., Taniuchi, M. & Distefano, P.
S.: Expression and possible function of nerve growth factor
receptors on Schwann cells. Trends Neurosci, 11, 239-304
(1988).

40) Johnson, E. M. Jr., Taniuchi, M.- & Distefano, P.
S.: Expression and possible function of nerve growth factor
receptors on Schwann cells. TINS, 11, 299 (1988).




WHEB&TS NGF 7 7 3 ) — BEAMSEEDS 215

41) HNEF, B H=: RERORERBZRRT. @EEs, Jacobson (ed.), Handbook of Sensory Physiology., Vol 9, 1st
34, 515-525 (1990). ed., p55-83, Springer-Verlag, Berlin, Heudelberg, New York,
42) Deckner, M-L., Frisén, J., Verge, V. M. k., Hokfelt, 1978.

T. & Risling, M. : Localization of neurotrophin receptors in 46) Monti Graziadei, G. A. & Graziadei, P, P. C.:
olfactory epithelium and bulb. Neuroreport., 5, 301-304 Neurogenesis and neuron regeneration in the olfactory system
(1993). of mammals. I. Degeneration and reconstitution of the
43) RT3 REEREROFEE. T£ELE, 102, 154-171 olfactory sensory neurons after axotomy. J. Neurocytol.,, 8,
(1993). 197-213 (1979).

44) Graziadei, P. P. C. & Monti Graziadei, G. A.: The 47) Monti Graziadei, G. A. & Graziadei, P. P. C.:
olfactory systems: A model for the study of neurogenesis Studies on neuronal plastisity and regeneration in the
and axon regeneration in mammals. /n W. Cotman (ed.), olfactory sysstem: Molphologic and functional characteristics
Neuronal Plastisity, Ist ed., pl31-153, Raven Press, New of the olfactory sensory neuron. /n E. Meisami & M. A. B.
York, 1978. Brazier (eds.), Neural Growth and Differentiation, st ed.,
45) Graziadei, P. P. C. & Monti Graziadei, G. A.: p272-296, Raven Press, New York, 1979.

Continuous nerve cell renewal in the olfactory system. /n M.

Topographical Expression of the Nerve Growth Factor Receptors in the Olfactory Pathways of Developing or
Axotomized Mice: An Immunohistochemical Study Using the High-affinity Binding of Tyrosine Protein Kinases
Isao Horikawa, Department of Otorhinolaryngology, School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen
Med Soc., 104, 206 —215 (1995)

Key words NGF family, trk group, immunohistochemistry, olfactory bulb, olfactory epithelium
Abstract

Topographical expression of the nerve trophic factor receptors in the olfactory epithelium and the olfactory bulb was
studied in the mouse immunohistochemically, using the high-affinity binding of the trk group of tyrosine protein kinases.
We used three polyclonal antibodies against trk, trkB and trkC, that specifically recognized the nerve growth factor (NGF)
receptor, the brain-derived neurotrophic factor (BDNF) receptor and the neurotrophin-3 (NT-3) receptor, respectively. In the
first series of experiments, the normal developmental changes were subsequently examined in embryonic (embryonic day (E)
14, E16, E18), neonatal (postnatal day (P)1, P10), adult and aged mice. Among the three antibodies used, trk
immunoreactivity was the most prominent during all the developmental stages from 14 to the eldest. In the olfactory
epithelium, the trk immunoreactivity peaked at E16 and gradually decreased postnatally. In the second series of experiments,
possible regenerative or degenerative effects of axotomy were detected in adult mice whose olfactory nerve had been cut and
who had survived for 1-28 days. In these mice, the trk immunoreactivity in regenerating cells and nerve of the olfactory
epithelium was increased 7-14 days after axotomy, while the trk immunoreactivity in olfactory glomeruli was increased 21
days after axotomy. In the third series of experiments, some adult mice were pretreated with intraperitoneal injection of
colchicine to block the axonal transport so that the receptor producing sites could be determined. In these colchicine-treated
mice, the prominent trk immunoreactivity was seen in the olfactory cells and the periglomerular cells. Taken together with
the present results, it is suggested that a high-affinity NGF receptor is produced in the olfactory cells and in the
periglomerular cells and distributed to the whole structures for differentiation, growth, maintain and regeneration of the
olfactory system. Among the three neurotophic factors, i.e. NGF, BDNF, and NT-3, NGF may thus play the most important
role in olfactory pathways.



