56

s, 49-1, 56 ~ 66, 2014

-7 K

brain-derived neurotrophic factor,
uridine triphosphate,
catecholamine,

P2X,

RIBHEEIC BT 5 P2X, Bz L 72
Brain-derived neurotrophic factor @5 & TrkB O E]

1

o Bh ok

7R R RS R A e BRI o B 27 A
(P WA —#I2)
(ZfF 12014461 7 H)

&

Jibd FH R A Re e 28 K F- (Brain-derived neurotrophic
factor, L F BDNF) (MR ER =2 —a b
T4 v-3-4/5 -6, -ThErEb2—aba 74
Y77 3I)=IZBLTED, FITHRMERICEE L
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Srub, HOHRHIRE & RO G ICHRBLLTB Y Y,
BDNF 2% & L7z TrkB &, 280 &KL L, U
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FlEzdY LaL, fERUSHIBIT % BDNF &
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WICEE R EEE R L TnB MY,
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BT 2L 2 AICL 5L, BB Z /&3 %5 SAM
oMW ELIE (RIS & REOMRE] B L2 5252
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LTTELAGTWHETH Y, SCEMER & BT
boTwz ¥, Z ML ANDEEL LT, FIEE)»
S L7z 7 anT I vidazik, pZEMBIHA
L. &5oR#ROMMz5 33, #Hlz2, «
ZEROEHEALIZIME DGO EE DB, BB
AL ORI E OB EZ B 24, IHETRaZ ik L p
ZHE (F2@Fowndnsy) B7) a—r o
R TR LE 2 5] & ke o AR

FH OIS, MR a2 ¥~ BDNF
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FaANT I VAR ENLHEEHE LY (Fig D,
72, v MCABWEA ML 2AMKZIZBIT 5E
BREO a7 4 VRIS, ¥ U sLRLVE
TrkB® mRNA OF LWz RS2 & 2 i L7222
(Fig. Do L22L, MM A M L 2B ORIEHIEIC
BWC, KNOHTFanvy I VBB IF S TrkB
FROBREIEAL TR ELZMPHIN TV RN, £2
T, FHOWREEWHEA L ATORIFRE TrkB ®
HH L %E, BXUBDNFOREH L /FIEE AL 72
SHIZEBSIL, REIFRENOA L ARUSIZHT 5
BDNF & TrkB OMHEAEH % #at L7z,

PR, 7 TRED 9 B3I 7 a2 7T, Adenos-
ine 5-triphosphate (L FATP) THI# 3T 52 & T
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Fig. 1 vitrolZB W CRIEHEMIZIZFEI$ % TrkB 3 catecholamine % I35 &

EHTRIRE N,

BDNF s X, ATP Lt 7 % — @i T BDNF @
BBEIFE S s e shz®, 72, 72
T A TiE, ATPHIFLCTBDNF OFBABM$ %
CEDEHHENRTWASY, HIL, BDNFO#ELED 5V
EHRHBICATPZERP SO Y 7 FVHBEE5 L Twh
CEDRENT VD, 5T, A PV ALMTTATP
EFEINCEIM L A b L A B OFRETICEI G- L Tw
55 BRI R B AR AL ATP 2R A R AE
L, ZvaapvFaf F (LF, GC) OpEAICLD
BB R B3R )V ~ (adrenocorticotropic hormone,
ACTH) XX 2GCOFEHZRMEL TWDB Z LAVRIE
ENTWEY, BIFHEA b LA L w87 B2 F5 ol
#WTHY, ATP2SZ ORI LR b L AR O
HICBE L CTwa 2 s, EIEHEICHIT % BDNF
BHIZATPZHERDPHG LT H L2 &
A5, BDNF EAREFZ OV THRGET L7z,
MR LIVHE

F v NEIERIRER Y a~ 7 4 VA (LLFPC12)
#MEH L CTrkBZ AR~ 7 AP TrkBE / 7 0 —
F )V (cloned7/TrkB) (Biosciences) 2 & o TIEMAL
ENBHILRMR LT, ZOEBROBMIZ, KNON
EVEBDNFIC & 0 it b S 7z TrkBo &% % X5 L
FIUC L > TTrkBORE ZHOLNIZT 572D TH b,
1. PC12DFHNEER
1) PR sEER

PCl2%, VM a5 —4, v Ca— b LAEEIIC
L7z #LT37C 5% CO2LLF T ¥R IRIMLE
10% % 7RI L 72 RPMI1640 TH #2417 o 720 IRINSEER
WZBWT, PCI20 Trk ¥ 7 F VziEiL, K252a (Trk
ZHEEROFO Y ) VEBALHER) %10 ug/mlik

MLTS54 A vFax—=hL7 €Ok, 55H
30 ug/mlOPLTrkBE / 7 @ —F )V (clone47/TrkB)
% PG S 72 M IREE L U CHEEME R 1 2 SOG X 272,
WLERS KA A a5 74— VT
7RLFYY, JVTRLFY) Y, F=NIrDwE?k
g L7z,

2) ATP - UTPRMFEER

P2X, Z Bk & P2Y, AR ASBDNF BB &
I PRERT 5720, P2X, B X UP2Y, Z8kOY
¥ FTH5ATP (Sigma) &, P2Y,ZHMAD) 7>
KT & % uridine 5-triphosphate (LA F UTP, Sigma)
ZPCI21ZiRINM U720 T3 PBSICTHINEZ Phig L, %
IfiL 3% 55 #1230 43 PRl L 72 82, ATPB L O'UTP (%%
100 uMol) % 1 BRI ROS S 872, B, ZBEOM
Z I USERT U7z RPHREE & U CHEIME R 2 B &
w7,

X5, P2X 2 HAEEPY, 2 BRARMHEICL S
BDNF 3B O AL % T3 2720, HEHTDH 3
Suramin (100 xMol, Sigma) % 1 Fpf Ko & 872
#%, ATPZFEBIHML 720 % L CTH 313 BDNF
ELISA f##712, #il21Z BDNF @ mRNA O 12 H v
720
2. EERICEAL -84

Sprague-Dawley 7 v + (HASLC), #+ A 9 A4
L7207 v MIBERAIR L KEHHICES Z &
NTELRET, REMIEICHREZDEL, K
22 2 3CHEHBDOTFICBWTHE L, &THT v b
71O Y 2 F L — 5 )V (FDGHEE T3)
FWASHE, VA RyFIV (TR 2RI
WAL, ¥ 7)) 7 &2fTo7z. TOEBIIMEN R
BERF B EBRMHIEE RS L - TRBES N, M
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R R ZZBI M FEBR AT A K54 VIR L THEAIT L7,

Jv M4Plsyoar bo— B, AMLARE R
FLA+7IT=Z M, RIERHA ML A+T7TT=
AMHEDADDZ V=TI T T b — Vi
R A ML RIERMIICL, EI v bu— v,
Tsukinoki & ® 71 b 2 — LB 125w, AMEHE
AMVARAM L7z, BHWEA ML AZRI 720
12, Iy PEMEAMETAOHRO E (18 X 25cm) 123
ANV R TREZEL, $XRTORIIEKRDIEHA5° THiAE 7 —
TTHEEL605HHEA b L AEM L7 LLETOFE
TIXFEIE B O TrkB® mRNA & ¥ 8 7 Ak
LbEMHETHo L ZOHETHHY, AL A+T T
SAMEERIERHIEA ML A+ T I FEICBWT
X TrkBfEAPURZ, 6050 A M L AT, X7V
TV THRVIREE T CREIRES 2 v Tih L7,

HIE O BDNF O JsfE & ¥l & 3 5 720, &4
X607 DIH A+ L ARTIZ T v b IS5 A M 7 3
LT Furs / u—) Gmgkgip) 25 L7,
3. IM&HERE

DRI £ D 7 BE-11 RO BRI Z 4T - 720 i
i~ 7 IVIZEDTA % & A 72 Venoject I % (Terumo)
DOHFIZANTZF 2 —=T1372 72510k 1IZB %, 4T,
1545, 760xg Tt Lo L7z M%EE-20C THRAFE L
ThbEEI O~ N7 4 =TI L7227,

4. IMIFEMPAREBIEMD AT LT I > HAFEHME

MAEhoAFavy I v Flho7 KL+ >,
JNVTRLFY Y, ZLTCR=1RIVE, Bz~
N7T T4 =K GHERGHT L. ENERDY v
TIVAZKBEE R 2 B B 72012 4 4 v 7 v
HoAF@EHL, FLTAHTFANT I IZLC-8030 %
I L LETHMEL7s (Toso Co) Y7 xz= V54 L
YIVTIVET Y TYT LAY T ATER L
e % H VT 470 nm P E OB & 355 nm i)k E &
o THE L7222,

5. EIZIZ$1F % TrkB & BDNF mRNA O PCR
1) RNA{liH & cDNA &

-80C THRAF L THBWZRIEIC 1 ml® RNA il 3
# (ISOGEN; =v RV I—V) ZMAKREYFA X
L7z 5 MEETHRIEL72#, 02ml27 maFil A
ZIMZ TISA M IR%E, 20 M=EETA v Fax—
M U72%%, w008 (15000 x g, 15400, 4C) L7z,
FREOKEZEPOF 22— 72 EYL L T IZ05 ml D
A4V 7anR) = VENMZLSHMERTA ¥ FaX—
N L7zt TGO B (15,000 xg, 1543, 4T)
LEWEZROBRE, 5%y ) —NVENMZ TR 72
RNAXLV v M &%, TE (pH75 =y Ky I —
V) WCHEMLERNARE Z ML 72, KIZ, 4ug®

n

ET2N

Bk 2

7 A9 B 1 5
RNA Zf#i L, First Strand cDNA synthesis kit for
RT-PCR (Roche) ZfEfH L, cDNAAWZ1T- 72
2) PCR &

¢DNAIZTaq(TAKARA EX), Tagi i (10xEX),
ANTPIRAEW, 754 ~—, ddH20Z M %z, ¥ —
< )VH A 75— (TAKARA) 2 CTRT-PCR% 1T -
7z TrkBIUR D 7= M L7275 4 < —BFIE
forward; 5-ATAACGGAGACTACACCCTGATGG-3
reverse; 5-AGCTGACTGTTGGTGATGCC-3 (PCR
product: 505 bp) (Invitrogen)® T & %, BDNF 3
RO 7= ZfH ST I 4~ —EF X forward,
5-CAAAAGGCCAACTGAAGC-3 reverse; 5-CGC-
CAGCCAATTCTCTTT-3 (PCR product: 169 bp)
(Invitrogen)® TH b, f ¥ ¥ —Fa>r ba— &
LT, GAPDHZMER L7z 20774 < —HE5IL for-
ward, 5-CCTTCATTGACCTCAACTAC-3 reverse;
5-TTCACACCCATCACAAAC-3 (PCR product:
306 bp) (Invitrogen)® T& %,

PCR® 5= 1131294 °C 30#», 58C 30#, £ L T
72C 60 % 30914 7 )V, f\v Tl kix72C 5 5
TH o7z, WIHEPCREWIEZ3% 7 A0 — X7 ViERIK
BCamL, TFYvATuYA NI THalLz, £
L CTLAS3000 (FUJIFILM) % f#i- CTHgsg L7z
6. BDNF O Real-time PCR

Hik & FARIC RNAHIE 2, cDNAGK L7z, €L
T Light Cycler” |2 T Real-time PCR %47 5 72, Light
Cycler” 480 SYBR Green I Master (Roche) % f#i
L, BDNF®O 7 J 4 ¥~ — I HABEFHEAICBW
THE L, E%)1E5-CAGGGGCATAGACAAAAG-3
(forward), 5-CTTCCCCTTTTAATGGTC-3
(reverse; 167 bp) > T&H 2, x4 L LT, Pactin
A LFEBICPCREZ T > 720 77 4 ~—HEHIE DA
To@#EY ThHbH ; 5-CCTGTATGCCTCTGGTCGTA-3
(forward), 5-CCATCTCTTGCTCGAAGTCT-3
(reverse; 260 bp) ™' ZM1295C 105 T b7z #£12,
7 A1 (95C 108), 7 x> 2 (60C 108)
ZFLTEZ7 A b3 (72C 1080) #4094 7 ViR
L7z D%, 7HU—ZATXr VESIKEIE, BN
17> C, PCREWDOE R 2 MR L 720 BIaFHBUL,
B-actin mRNA 2% 9 % BDNF mRNA TR 72,

7. BIEIZ$H (73 BDNF mRNA O ISH

BDNF mRNADHHHRNAD 7 ua— 7%, v b
BDNF Hi#li cDNA @ 2659-2778 N — A2 xH i L 72 W7 F
D119 bp lZHSWTHEH L 720 (Promega)® 11-UTP
RSNy ax 5=k, 7 v FBDNFO—K
D cDNA 7a—7EDIGDO T X)) ¥ 7+ v b SP6/
T7 % i TR L 72, ISHIZ, 4 um oMk Y) F

Presented by Medical*Online



2014 46 H HITF A2 51 5 TrkB %%k & BDNF O HAEH 59

MM L7 8774 YHRIX37C 150071 g
4 0FF—¥Klug/mllEELTZe N TVFTA X
&, N T A= 3 VISR L 72 DIG-11-
UTPEL#E D — AR RNA 7u—7 2 H L, 37C 16
B AT 5720 N TV F A4 ¥ =3 3 V%, mRNAIZ
BB Y TF 27 = V%I + v b (Roche)
LGt L <, Mt L7,
8. EIEDBDNF Z > /N7 DREMEBILFEE

7 v MR OMEE, 4% /3T KVAT VTR Y
¥ RS 6 RER 2 L, 28T 7 4 Y Wil %475 72,
HH R A um DY %2 Z N SR L, A< b+
VU Y R R AT o 7z SRERIRR LA Y v
TIWVAT A v rat MAX-POZfi L7z, (NichireiBio-
sciences) A J 4 Fid15%73%H,0, * ¥ / — )V CTHLHE
L7z, I iEnn 6= T 1 KF BDNFHL 7 4 F
RN 7 0—F VPR TR L 72, ) VRS KT
Wik, U2V F V¥ —BRERPLY FIgA T
H52WPUR L B T305 BD ¥ 72, Fefld 55
M bV AR 120.0003% DR LK % 5 A 720.02%
VT I NRYY v IHEIETEY, YR, oA
RMFV) VTR E T ST AT T4 T T
Yha— Ll LTy FIgGER—kifke LTHHL
72
9. 1% &N BDNF £ ELISA f#f

¥ X — LINOE:EE L % ML 13 @ BDNF &
% ELISA T##T L 720 MRS 78528 HiKE, ED
V2ot i S AR 7 2 HEBR L 72 B A &2 FH W
72o ELISA 2, BDNF Emax” ImmunoAssay System
(Promega) % M\ ClEICHEWET 5 720
10. #EETHAT

AERTHENT 121X SPSS ver. 170 (SPSS) =L, 7
FAHI - T—=1) AMEHK, <V KAy b=—=DU
W, F721X ANOVAMER, Tukey-Kramer 12 X
O FRBT 2 4T 5 720 PAHIE <0.05 THEFHF 2 B AN
bbEEFLT,

& R

1. TrkBZEHEOME

KL 1 X U TrkB 52 284K (clone47/TrkB), & L T
K252aTrk FHEH] 2 1B S8, ¥HNO s 737 3
CORMENE L, ENENOEBREOT KL
YUARNVIELDTOEY) THbH, 3 ha—)VEE, 2500
+1291 pg/mL7 T = A b #, 2308 = 6249 pg/mL
K252a+ 7 = A M#E, 4500 = 3512 pg/mLCT7 T =
ANHED I VT FLFY ViR Lo $XToERR
DINVT FLF) VBREOMTHEEENH 72, L
L, K252a+7 T=A b ary ba— VO TH

* *
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Fig. 2 Characterization of anti-tyrosine receptor kinase B
(TrkB).

PC12 cells were treated with anti-TrkB (clone 47/TrkB)
and/or TrkB inhibitor, K252a. Levels of noradrenaline (a)
and dopamine (b) in the media were then assayed by HPLC.
(a) Significant differences in noradrenaline levels were seen
between the agonist group and all other groups. Data were
analyzed by the Mann-Whitney U-test and the Kruskal-
Wallis test (*p<0.05; n=4 per group; error bars=SD). (b) Sig-
nificant differences in dopamine levels were seen between
the agonist group and all other groups. Data were analyzed
by the Mann-Whitney U-test and the Kruskal-Wallis test.
(*p<0.05; n=4 per group; error bars=SD). Adrenaline was
not detected in any group. (Kondo Y et al: Journal of Neu-
rochemistry 124: 224-232, 2013DFig. 1% ¥l # 4 Tiizik)

Ao 72 (Fig 2a)o
FNEFNOEBRBED F—r33 Y LARVIILTOEY
ThHb, 2vrua—)Vi#if, 37381092 pg/mL: 7 I
= Z b #, 38087.8 = 140325 pg/mL; K252a+ 7 I =
2 M, 2958 = 8498 pg/mL, 7 T= A MEED F—3
IULRVEMOERD R—3 Y LRIVOMICEE
EBH oo LL, K252a+7 I=A Mf&E v b
T — VI E R o 72 (Fig 2b)e 7 KL F1) Vi
M T&E hh ol
2. TrkBTEREZFER L ZRIBE60H X bL X5
DHFIAZILLANIL
TrkB{EHPLAREH O ZEARH % 60558 7 v M
B2Th7agIvyoilteidl (X, 2he
NOEBEDOT FLFY Y LNVIIDTOMY TH
bo I ME—IVHE, 4315+ 2476 pg/mL; A ML R
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Fig.3 In vivo catecholamine levels after stimulation with
TrkB expressed in the adrenal medulla after 60-min
stress using TrkB agonist antibody.

Rats were stimulated with TrkB agonist antibody after
60-min immobilization stress. Levels of adrenaline (a), nor-
adrenaline (b) and dopamine (c) in blood were assayed
by HPLC. (a) Significant differences in adrenaline levels
were seen between each group. Data were analyzed by the
Mann-Whitney U-test and the Kruskal-Wallis test. (*p<0.05,
*p<0.01; n=4-6 per group; error bars=SD). (b) Significant
differences in noradrenaline levels were seen between each
group. Data were analyzed by the Mann-Whitney U-test
and the Kruskal-Wallis test. (*p<0.05, *p<0.01; n=4-6 per
group; error bars=SD). (c) Significant differences in dopa-
mine levels were seen between the control group and all
other groups, but there were no significant differences be-
tween the stress + agonist and stress groups, or between
the stress + agonist and stress (adrenalectomy)+agonist
groups. Data were analyzed by the Mann-Whitney U-test
and the Kruskal-Wallis test. (*p<0.05, *p<0.01; n=4-6 per
group; error bars=SD). (Kondo Y et al: Journal of Neuro-
chemistry 124: 224-232, 2013DFig. 2% &7 1 % 14 CTHn#k)

n

[T FA9BE 15
TrkB BDNF GAPDH
Stress o #’ “
Stress "
agonist B ‘ .‘

Fig.4 RT-PCR analysis of tyrosine receptor kinase B
(TrkB)
(BDNF) mRNA expression in adrenal glands after

and Brain-derived neurotrophic factor

60-min stress.

RT-PCR analysis detected mRNA expression of BDNF
and TrkB in the stress and stress + agonist groups. In the
control group, very little BDNF and TrkB mRNA expres-
sion was observed. (Kondo Y et al: Journal of Neurochemis-
try 124: 224-232, 2013DFig. 3% i ] % 1% Tlxik)

B, 32605 +4629pg/mL: A ML A+ 7 T= A M,
176895 + 86769 pg/mL ; RIEMM A L A+ 7 T=
A M 2500 = 1.300 pg/mL THEHEOT FLF 1)~
LRV THEEERD -7z (Fig. 3a).
FNENOEBRHO /7 VT FLF Y ViRERZUTO
WY ThHb, a2 ha— )V, 13570 = 677.7 pg/mL:
A ML AW, 60538 £15858 pg/mL: A ML A+T7 I
= A M#E, 137378 + 37549 pg/mL;: Bl A b L A
+7 T=Z M, 35508 = 614.7 pg/mLo [ABICHZHED
JIVT FLFY VikERMTHEAEYH - 72 (Fig. 3b)o
FNFNOEBRED F— 83 Y LARWIZL T O Y
ThHhb, 2 bua—#E 615+52pg/mL: A L
AHE 2540 +625pg/mL; A P LV A+TIT= A M,
4055 + 111.0 pg/mL ; RIBEWHHA PL A +T7TI=X |
B, 3385+785pg/mLay ba— VD F—/83 »
LAV EMDOTRTORED F—233 Y LNV THEE
o7z (Fig. 3c)o
Yha—uHE, AFNLAEE, FLTAMLA+T
TZA MEZBWTELED T v b EEUAF L —
Yarvlegy MEHTHEEERI R, o7, AR A
LA+ T I MREEEPANRL -3 Ty b+
AMVATIT=ZA METEEZE 72
3. 603 X b L XfEDEIE DTrkB mRNA & BDNF
mRNA DI
RT-PCRZ M L6047 $ A + L R K D I E @
TrkB mRNA & BDNF mRNA ® 58 % 5471 L 720 60
GANVARE, AMLVABWEAMLVA+TI=A b
B, v bo— XL C, R ToBDNF
mRNA I L < BB LA L7z FHEIC TrkB mRNA
vho— VLR L CE L RAHIM LA (Fig
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Fig. 5 Quantitative real-time PCR analysis of Brain-derived
neurotrophic factor (BDNF) mRNA levels in adre-
nal glands after 60-min stress.

BDNF mRNA levels in the adrenal glands of immobilized
rats after 60 min was assayed by real-time PCR. Data are
expressed as BDNF/b-actin mRNA ratios. BDNF mRNA
levels were calculated to be: 0.021 £0.017 for the control
group (non-stress), 1.254 0400 for the stress group, and
0.830 £0.344 for the stress + agonist group. Significant dif-
ferences in BDNF mRNA levels were seen between the
control group and all other groups. Data were analyzed
by the Mann-Whitney U-test and the Kruskal-Wallis test
(*p<0.01; n=6 per group; error bars=SD). (Kondo Y et al:
Journal of Neurochemistry 124: 224-232, 2013®Fig. 4% #v]
%13 CHisifk)

4), MED T v M EFPUARL—Ya v LTy b
MORINHRTE T R o7,
4. 609 X b L X & D &IE O BDNF mRNA O Real-
time PCR

HI'% @ BDNF mRNA % Real-time PCRIZ T4H#r &
17 - 720 BDNF/B-actin mRNA = (Z o >~ + o —)V#E,
APMLARE, FLTCAMLA+T7IZ A MEOXREE
TH4E L7z, BDNF/f-actin mRNA HEIZLLIT o b
Thbo 2> ba— VB, 0021 £0017: A - L A%,
1254 =0400; A LA+ 7 T=Z bEE 0830 = 0.344
2V b= VL BOBOM TEESENEH 720 A b
LAREE, ANLVA+T7 IR MO THEEEIT R
o7z (Fig.5)e HALED T v b EFEUARL—T 3
xR L7Ty NOMOREBIIE R L h o7,
5. 609X kL XEDEIE TO BDNF mRNA O ISH

ZEHOLWIXISHIZE V605 A ML AKORIEICSE
I3 % BDNF mRNA % 4747 L 720 & L X)L @ BDNF
mRNADFEH S, 5 v OGHEEEMBORY 74
Taryra—VCTHIBTE L, £y A7 —7THE
L7WR T 7P VIR TE L do/ze 27 b
T—VHETREINA TIVFA = 3 vy 7 F VIR

RSB B A TrkB % %A & BDNF O EAEH 61

Fig. 6 In situ hybridization for Brain-derived neurotrophic
factor (BDNF) mRNA in adrenal gland after 60-min
stress.

In the control group, BDNF mRNA was weakly expressed
in the adrenal medulla, but was not expressed in the adrenal
cortex. In the stress and propranolol + stress groups, BDNF
mRNA was expressed in the adrenal medulla, but was not
expressed in the adrenal cortex. Scale bar=200 Im. (Kondo
Y et al: Journal of Neurochemistry 124: 224-232, 2013®DFig.
5% FFT & 15 CHR k)

L 2 B TA N MO 2803

Fig. 7 Immunohistochemistry for Brain-derived neurotroph-
ic factor (BDNF) protein in adrenal gland after 60-
min stress.

In the control group, BDNF protein was weakly detected
in the adrenal medulla, but was not detected in the adrenal
cortex. In the stress and propranolol + stress groups, BDNF
protein was detected in the adrenal medulla, but was not
detected in the adrenal cortex. Scale bar=200 Im. (Kondo Y
et al: Journal of Neurochemistry 124: 224-232, 2013®Fig. 6
ZFE] & A TR

R cH o bh, BIEREMIB Ty 7F v
WBHERTE L o720 AMLVABETIEINA 7Y ¥ A
Y= a 7P IVISEIEREME Ml < Bn, =
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Fig. 8 Quantitative real-time PCR analysis of Brain-derived
neurotrophic factor (BDNF) mRNA levels in PC12.
BDNF mRNA levels in PC12 was assayed by real-time
PCR. Data are expressed as BDNF/b-actin mRNA ratios.
BDNF mRNA levels were calculated to be: 0.00016 +0.00008
for the control group , 0.00085=0.00004 for the after expo-
sure to ATP group, 0.00038 +0.00001 for the after exposure
to UTP group, 0.00013%0.00010 for the after exposure to
Suramin group, 0.00014 =0.00003 for the pretreated 30 min
before ATP stimulation group, Significant differences in
BDNF mRNA levels were seen between the after exposure
to ATP group and the control group or the pretreated 30
min before ATP stimulation group. Data were analyzed by
the ANOVA test and the Tukey-Kramer test (*p<0.05; n=5
per group; error bars=SD).
(FIlGLE S MEEIRBDNF OIS & % 2 5 5 Bl
BREIC BT 2 ATPZAEROFBUIOWTONIZE M)l
2 48(2), 20130 2% 770l % 14 CTHinifik)

RECTIMERTE ol EBIC7u 75/ u—)L
+ A ML ABIZBWT, "M TV =V ary s
FOVIERIE B Col < A, BIE R EANE T
WTE o7 (Fig 6)o HUED T v b & ELL
Rb—=YaryL7agy MIOEHOERII LD o T2
LU AT =T TIEINS O N, T ¥4 ¥ —
avI I NVEBRNT A LSRR,
6. 60X ML ZBDOEIBICETBBDNF X /XU R
EEBLELE

a2 ba— VEIZB W TBDNFE ¥ ¥ 8 7 3SR
Heigdmilishiz, — I CRIERE IRt Sz
Moize AMLABEIZBWT, BDNF % ¥ /87 13EE
HECIIMIECTE 72785, AIBEECIIMINTE b o
72 (Fig. 7)o Mffl, a7 /70— + A b L A#
TIEBDNF % ¥ 3 7 (ZEIE I CMC& 2o — /T
B RECRMETE L ol, MLEDS v b E#E
PFEML7ZT v FNETHEBEOENE 225720 A ML
A DM - 72 BB BE O BDNF % > /8 7 O #iiiz )
a2 ¥+ FBDNFOBESICL ) #ERNC R - 720
7. PC12.C$ | 5 BDNF mRNA EIRFE D EHT

a v b a— V#TIE000016 = 0.00008, ATP M

FA9BE 15
#ET1320.00085 = 0.00004, UTP 70 #E T 13 0.00038 =
000001 THh o720 T ¥ ba— LEEEL LI L T, ATPIR
MEETHEZ (p<0.05) 57D HN7225, UTPEHMEE
TIEWINERNIE RO SN EEL I Lo 72 (Fig
8o

WICATPZ B EIC X 5 BDNFRBADEE
HWRB 72012, BHEH] Suramin % B v C BDNF %3
=% E®m PCRICTHEFE L 720 Z D%, Suramin ®
AEIN L 728132 0.00013 = 0.00010 27~ Lg% 580 5
Nhhorze E5HIZ, Suramin+tATP RN X 0.00014
+0.00003 % 7~ LIS LA IMEFFICEO 5Ll
72 (Fig. 8)

DbEofRE Xy, ATPHRMIC X Y PCI2M 12
BDNF O EEADAH BT L, UTP @A 3 e
MR L7,
8. PCI2ICH T 2 12%E _EiE () BDNF £ ELISA B

¥ FiEHoOBDNF®IE, 2~ bu—u#E, ATP
WINEE, UTPRIMEEV SO RHBAMEL T TH -
7oo DLEofER KXY, B2 51X BDNF @ B
FEED LN o T

%

1. HLTrkB (clone 47/TrkB) DfEMAIZDWT

PLTrkB (clone 47/TrkB) »STrkBERbLfkE LT
ERT 208 Pa L, 1EHT5 2L 2L 7
FLCER®, BEah T35 3 P PCL2Ho 5
ENTWLHHEMFE L7 (Fig 2ab), 612, » 7
25 I VORMBIEK252aF T Y v xS —EHERIC
Lo TREIENTHI LN TEZ, ZORPEITLD
PLTrkB (clone 47/TrkB) »STrkBfEMbifkE L T1E
ML) B EDFMTE

COFERIIBDNFHIE TR O R HBRIIHBTY
2%, ZOEBRTIET FLFY VIZRBEALT T
Holze TRLFY YE 72V ) —L7 I UN-
AFWVENFI VAT T7—EIZEB VT FLFY D
AFIMUUIZE > THEENG, 2OT =V Ty ) —
VT IVN-AFNV T VAT =T —¥OiEMHALIZRE
BREARNVE Y DEEILHTH D™,

BESDin viroFEBHTIX, ra~x7 4 I
EHWEREZITo72720, TRLFY VIZMHTE
BhrolzdbDblEZS5N5, Qanbld, HHEO~< Y
ADE /7 a—F VRS TrkBIEMPifk & L TR
THEHRELTWEY, MAT, Tsao5ld, #HiTrkB
Yotk % TrkBEM PR & U Cin vivoFEBRIZHH L T
W2, Bt o TTrkBIEMIFLMR L LTHITrkB (clone
47/TrkB) OEHIZHEYTH L L EZ SN D,

aas
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2. v FEMHRX ML IEBROLTHED 5 0RB

VRToETid, 5 v bO605AaMHEA ML 2
TTORIEHEIZHIT S TrkB mRNA & ¥ V87 %
BAZICER LY, CoEBRIZEY, BIBHYET
D TrkBOFHSA ML ARG TEERFEEHZ LTw»
LRt Z RIE L7z & L CARIFZE Tl TrkBEHIT
fk (clone 47/TrkB) =ML 605 A b L ABD I T
INT I ORI EBE L7z MERPUR RIS L 72
Ty MIEREAR Sy P ERBELCIhATFaS I v
A E M E R L7225 605 A b L A BIEM
SECHITL L 2RI E T Vg v b TIRIML 25 -
72 (Fig. 3a-c)o ZTOTF— 7 IZRIEHME D TrkBIZ X %
VPRI TANT I VOB EREITIEE
RIELTWh,

BB Ly bEFAVTE, #7a53I 0L
ANV (Fig. 3a-¢)o i A 73 v7 I YiEFEIC,
RIEME R TH 7%, FIERE & FERICoRk 4 7
WEAOHMESNE Y, RIEHMETTLVT Y NSk
Manzzsr7anvy I Vi, RIEHEUNORELE? S
HETLHTAVT IV THLEEZLNT WS,

TrkB, BDNF mRNA ZRT-PCRIZ B W\ T, 604"
A ML ABOEIBFIZBWTHRBLTHEY, BDNF
mRNA ¥ Real-time PCRIZ X ) 604> &2 b L A 212l
ot L7z (Fig 4.5)c C OFEFRIZ6055 A b L R
BOEIETHOBDNF & TrkBOZHIE A Favy I v
DM ZHRT LI EZRBT S,

FEHLIZ605 A ML AKRORIEIZBIT 5 BDNE 5
BLORAE# AT 5 720, ISH & sk iy detn %
f7>7-. BDNFIZRIBREEICIRIET 5 2 L2 L
72 (Fig. 6,7)0 6047 A b L 212 B\ C RIS T
B L7-BDNF & TrkBOZIUI A 7 IV 7 I O
RHERTHERBENS, 2F0, AFANLTIVD
B E SAM R TO = 3 F » ZHARDOTEMAL & [
KRS COBDNFIZ X 2 HCW Y 7 F VE
FICX)FRINEEZ 515, — Tsukinoki 5
(2007 4F) OHFZEH 5, BDNFIZT v b OB FIRT30
SR A NV ABICHBIL, 14 BDNF X5 T T
DBDNF OFHICHLG L Twa ERELZY, ko
THEHE S ORRITRE DAL o B4 5 1 % © BDNF O
AR ZRE L T2 5 v,

RIS EOHC WY ZF VEEICELTY, g7
FLUF) VA RGEEMECRIL, 2L T HO
BWY T FMEECESTATFAVT I VORET
I NG Z LW SN TW5B, fit> T, BDNF-
TrkBHEEROHE AW ERBE LA TaVT I v
BObAsHE L, FIEBIEICBOTHERELTWS I
EZobNb,
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3. BDNF-TrkBHEEERDODKR S 71 77 14— FK/vy

TJI—TIZDWT

Tu7g 7 u—VHEEHRIZ, 604 A ML AIZHEN
L7259 v b OFEIEIZ BT BDNF 3R B 822 /AR
LCw7, (Fig. 6,7) ZHhix, BDNF & TrkBHlH1E
HIZEIBBECTRY T4 774 — NNy 2 V=T D%
HE2 L TCWAFERELTWS, 72721, ZHICEL
TIEMRARE L ¥ F 7T AMEEOBIED S & SI2if%E %
BRT, TORIT AT 74— KNy 7 OFMEZ W
TLUENRDL, RIT 4T T4 =Ny 7V —Ti&
MR RS REDO TV AT T Vi3l EofE
WYEMEFHC S 2 RIS BAEAET 0 Iz T
Cortez b2k AL, RIBHETHHTLAT FLFY
VEBRREERYTFA T 74— RNy IRHATH TS
IVORMERBETAIEEZRLTVEY, §£oT,
B S 2SBDNF-TrkBHEEHOR Y 74 77 4 —
KNy 7V —=7Of%EH > T A et d $ %, Higo
figix, FEEZA ML RIMEMBO/NMIUER L2 %E
FlEfEs L, MO %Rd5 ERIBLTWS Y, &
D EIFSAMEIOBRIEIC O LB THS Do SAME
ORI T 272 0ICEE R A ML ADWRIEE
FlERIFHEICSAMBINCE DL DR E LTRY 7 4
TT A4 =Ny Z V=T TREENH L EEZ D
N5,
4., TrkBY T FIVHZX G —RIZDWT

TrkBIZZ 32D FER Y ZF VA AT — Fhdh b,
AAKRY8—=ECy (PLCy) R, SAT7FIN
47 h=N3FF—+¥ (PI3K)-Akt ¥ F — L
% L CRas-MAPK&HAH 5", HHZ, AAKY /8-
POy, £ /73 b—n1,4, 5-ZY VBEOG
PEACIZ & o TNBED S D VT A 28] 2k
$%, Zhwx, BDNF & TrkBMHEMEMIC & 0 &%
b S 7z PLCy REEREHH TR A v & 7 DR BE D3
2By, ZHICEDAFany I v OIS
FEENTERBL TS, A ML ARIGIE, AKAT
BROBMBIC X Vs hs Y,
4. BDNFICHFBX L XEBEIZDNWT

BIEREE Tl1Z, BDNFIZA L AAMEH LTV 5 H
WCEELREEHEZRLL, WO OEIET LT
F FOFRBLZ M LT 5 TREAIEFICEW Y, 2
Nz, EIEMECRILAZBDNFIZATFa VT 3
YLD Z b L A BB OHE B 2 DS
Thb, 5, APMLABETDOY 7 FIVEEDORE
B Z AT LI EDPLETH S,
5. BIBBEEICH TS ATP, UTP E ATPZR{FICD
W

S 512, ATPIZHIRE M TSI EW R & LT A &
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AEFRERE IS LT A T eSS TwE Y, —)
ATPZHARIE, P27 v 254k LI, ATP,
UTP % E DMK D X 7 LA F FE2 7T b &
T DM LD ZFIRDOBHTH 5. 2 HZ I
P2X Z 7k & P2Y %KD 2 O “ﬁéhfw%“
P2X ZHKIEP2X, 25 P2X, $TD 7 ODH 754 7
BHY, INSEFAF TV F ¥ v ANVBATPZEAT
HY, ERIREGA T > F v PR VERETHEER
LNTW5b, P2YZEAKIZ 7T DL LW T ¥ 4 To3dh
D, G¥ N7 HEMZHEARTH D, ATPZHEKRD
I B P2X, AR P2Y, AR AR R ML © BDNF
PELE R 2 S DOHICE S LT b,

% Z T, RT-PCRIZTPCI2HMINIZ P2X, 244k B &
OP2Y, RO BIZ TRV RBO 5N L T L % MR
L7z0b, Zhtb ATP BRI AYBDNE O A4 %
BN B MEF L7zo ATPIZP2Y, 284k B X O0VP2X,
TR BAED T L, UTPIZP2Y, 25k % ) 4~
FELTWBE®, ATPH X O UTPHRMEERTIZ ATP
WINZ X Y 4 % I|2BDNF mRNA O % ﬁ#ﬁ%tto
UTPIMICIEZE M@ 2R L7z b OO HEAEITRD
%ﬂ&#otOMMwm6@7xbuﬁ4b%mw
7oMEE T b UTPIEB MM % 7R 3 A B 2057 <,
ATPTHEWI M Z R L CTw2®, Zhid, ATPAS
P2Y, %R B X O P2X, ZBARD 2 D D74k & B
AN EEHEELTWE00E LR,

X512, ATPE X CUTPRMAI#IC & 5 855 1
HOBDNF#RZELISA T L/ L 25, B
oy ba— UL R L CHEZEMZ 2D
B0l HEo T, TNHDZEKIZBDNE @i
WS L Twhnz &R E N7z, P2Y,Z &K

&, REOSWREERITH) S eI TBY, o
WIS ST 228K TH LY, SHOREE,DS
BDNF O 1 3 X O°"BDNF 0 jE 4212 & B 555 W\ &
ENS, BIFMETORBEOERIIOVTE LR LM
AVBVETH B,

i

& B

1. Pt TrkB (clone 47/TrkB) » TrkBfEfPiikE LT
TER$ 52 2% LT. 2%, 604 A b
VAGHTTOT v MREIEHE O TrkB 25 TrkBfE
ARy A Farvy I vz aRT s %
RS WD TOMIETH 5,

2.BDNF38liZ, 7 v P ORIFHME TR TE 2. Lo
C BDNF (3B ¢ H O bk iE 2 ol fgtk
V5o

3. HIEHER Tl i%'l'f'&;{ b U A 44} F ¢ BDNF-TrkB A
HEOHCTWEB LRI T4 T 74— KNy 2

n

ET2N

Bk 2

& 5549 B 1 5
V=T OEEH S BRI D 5o
4. IR O ATP 25RO 9 % P2X, 24k 2SBDNF

A L TRCBRL TS Z ER Sz,

& &

a2 A, AMEoMigE: T zME L
7oA B R DR 2 R S e B o B 2 Al S AR R — g 12
WA LS9 £72, SURMEOR MM EED X
L 72 U R 57 R A TR S 5 e o %Jﬁﬁ%@lﬁﬁ%@"i’ﬂ%%’éﬁ?ﬁ
HNIEHS IR TT o S 51, FUEBUSHARTETTH )
7272 & T U 7oA SRR R 5 R A e BR 05 B Gl e D
B, M O HAE ST BB T L R E S, ARRgEIL
2 1T B R K 2 R 2 I B i L T D i s R AR 78 % ©
fibhiz,

ARG 31 Yusuke Kondo,
Takashi Hayashi, Hiroki Sugiyama and Keiichi Tsukinoki:
Role of TrkB expression in rat adrenal gland during
acute immobilization stress; ] Neurochem 124: 224-32,

Masahiro To, Juri Saruta,

2013 D> —HF, B L O IIGLE, SEHM I, SR, SRR
BRHZT, BIARE—  MEIR BDNF ORI & £ 2 5

NDEIEREEIC BT 5 ATPZHEOIEHITO VT OE:
MWZSNHF48(2), 2013D—HAE F L D72 DTh b,
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