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arAlflE & U ColEla 2 MinEE 2 5 LT, S100
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Glutamate transporters (Berger & Hediger, 2000), E-
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MR TFTERAKFLEL THDLINNY T Ly v T,
R TEOMR EESSSFZICE £ Kl
PR CREEAR S 4L, MAHRZEE D E5 & %
KNP D ORI LY | FTEILZIEN DS S
N5, MigF oY7Ly ik, BligoEhr
JRANAE E LB ITIER L T iiRlIR 3 %
R, — 7. BE TERO IR UENLICAFAET D/
MR CREA SN Y T Ly i, EFRE
ETEMME RICAL, T EMAKFZED
corticotroph {ZfEA L C ACTH D3l & 72 %,
Z O T HEIKFTHEE ACTH FEAMLTRY 7Ly v
VOZERERDDON VypyZBETH S, &
HBHCHFIRICBILT 2 Vi, 0. BIRD V, /IR
EXWR, Vyp ZEBIIANY Ty v DEERE
HERZH-TWA Y, Ry Lo VS BIRD
FIc X BRSNS ERMIENY 7T s
FEIKIE, Vi MO Vi BT, Gg #2378
& DA% LT phospholipase C 235/&EMEAL &4,
MAENA 2 > b= 3V VR, TV Y&
m—/b, #IfAN Ca D FR &K, 7o
V2 ZBIRIE, Gs ¥ X7 B &2TEMAL L cAMP @
EREZREZT, b MCXT2EKSHOmN D
DL, B VIR EREER L LIIREIEDN R
<MBIHEINTEY, MERD Vi, ZHFEITIE
MLAEEHAGE LT, FFEFHEHO Vi 5%
BIRIE, BPEMIEZ B E L CTIREENHRE D
HUVNTIEH SN TWD, ZHUD Vi, Vo S BIRH
THA TR EERAN TN EAAFTED
corticotroph (25 & m\WVIEHAN R 6N D Vi AR
ZIRREEN) &9 DY OB ITRIZKII L T
2, AR, RIS TEREICHEET D Vi %R/
BIZHOWT, OO B M Z/FE L, ERK
IS DO FEEMEIZ DWW T B LT 5, RO -Him
DERA b, TR RO Z O D K a1 3
T 5 Vi ZBEOEENZHSWTIL, okt s
ZIZ LTV & 0 29,

2.8 Ty & CRHIZ K B ACTH 435
TERMAKAMEL DO ACTH S ibix, E£ic
Corticotropin-releasing hormone (CRH)IZ £ - T3l
fish, XY F Ly Ik B EMEZIT T
%, CRH OZ KL 274 (CRHR; & CRHRy)

ATE BRI 5y T SRR BUK 25

DIEN G, HIE S FEEAR L FXICHEEL L, ACTH
TUWRLA NV RAISEREICEET 5, £7-.
CRHR;, 1. fEAITEICOEREICRE DD EN S
nTng, EH550 CRH Z&EIKY Gs #2737
B LI L, M cAMP JEEED A& AR
%o VIATE V. ACTH ZMACHIT D CRH LY
Ty OMEERNM S, WE NI L
A, RN EM TS 285850 b
£V £ D ACTH iz k7 Z L fEf Sz
O, DA N =X NIFGEE THIIAND > 7 v
J A RN=27IZX o THSHICHHA I TV,
T2 H, CRH &X' 7Ly v OifiE ORI
IZ. protein kinase C., Py Ca®" e/ L5F., 7
X% RUBOMEA, CRH IZX % cAMP pEA D
J7e & &I L C ACTH iz mEEs L5 %
5N TE72, CRH 7% cAMP % [ H & T ACTH
WS DD, Viy XBEKE R T Ly
B CHIT L7- B2 cAMP % FH SH 50825
WTRAR BTN, MR 70 Vyp & AR5
B2l ERIER N7, L,
CHO., HEK, COS fifiaCix, 7 v bk Vib Z%&IK
BB IE-HAIC., ALy v o HM
T CcAMP O FHAMR@EZEN TS D,

3.V, ZAIKE CRHR, ZBARDBEEH

D 10 BASKE, Vi, ° CRHR, B ERBET D
G & U BIEMRIZ AR T 7 I Y —iF, B
BT HEMPEAEEREZTER L THEET S Z &0
HA L=, 2084, FUSHEEBEPES R
(RE~—) ZRATDHZ LM T, [F—H
fo ECREESE (~Tuev—) BERL., #
BEMO R ML 2 8595 Y, ~T o~ —Z R IKIT
£E® GPCR M CTHICE Z 2RTiE <, #ilx
X7 2 BEA EIFR<SEITWD o 7 LT
:/%@M:'H‘754)70 (0(1A\ (VAN (11])) Fﬁﬁ/c‘%)\
oA L OB #75’/]’700)?5“661@: n L:< < N *
DO bE TCIETZHEESEKEZERKL 9
HENHFALTND Y, EAEKERERT S5 Z &I
FEOMBEZLITZRIC RS, T7bh, HER
JERIC X0, Uy Rickd 2802, G
X Ry IR DB, TREREOLEL,
S DZRENTEALE D2 b, G X v 78
IEIFE T B T L AF RIS D v 7T s
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BE L CWa a5 iét \Hﬁw

SRR ERBIELET VEY ODﬁHﬁﬁV&ﬁOo

Vi ZRIERE~ 7 A (VIbKO) T
R NME T & 5 VIR E SR k- T
NS CRH BMIZ X% ACTH 23zl

fENEDOD, N T Ly BMIZE DS ACTH
AW R SRz D VIDKO Tk, Y
7Ly E CRH OFEAEMAIZE DS ACTH O3
WHEAINEE Z 59, CRH Bl & [RFLE D4y ik &

Thol= W, k5T CRHRI & V2N

I, ACTH @
T

EL; yﬂﬂ Z))

THEN, T 1////& CRH DO HZEhHI
X% ACTH OB METHD EEZ B
60
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Renilla Luciferase

Light

—

480 nm

Intensity

460 480 500 520 540 580

A ZRIABEEROEN

FERRIZ vwk(mmhxﬁmﬂﬂbﬁm_A%
BLL7EGAIC, B BRERRICED X 5 L)
i = 6#_wa Tﬁ%kﬂ% 52 2R D
HETHENMONDEIBREE 7 o 28 FvER
Fa b HEK fifa% O CRET S e > 19, o ol
B 7 o 2B MR T, 2RO/ 52%03
Vi, BB U > B & BT CRHR, HLRD )5
THREIN, ZRENEFL T\, 2o/

TITHMOZHED R I NT-HEE . Ve BER
1% 1Py DEEA 2R LT cAMP FEAICIZEA G837,
CRHR, S FRIT cAMP PEA % L L IPs DPEAIC
IXBG Liedrolz, T 07 v g e lx
N Ty FEZE CRH ORI THT 27 2

TWT DT, WFH TRHRFHIHIE L 72546
DRI ONWTHRO N, XS T Ly,
CRH & HIZHM TII oMW Aa ik Z 720 10 pM &
WO IRWIRE T, [RS8 Eic, &

Yellow/Green
fluorescent protein

Fluorescence
5_3 5 nm
[\

’:*‘_'_‘_,—-' Excitation
I |II 1 ion
\

Emissior
_—Em on

480 500 520 540 560 580 600
Wavelength (nm)

Wavelength (nm)

B Luciferase C

1 EMFCHIBIRILF—

E 0.55
0.5
0.45
0.4

0.35

Ratio 535 nm/480 n

v
=

P2X2a-YFP GlyR-YFP «1B-YFP

#8)) (bioluminescence resonance energy transfer, BRET) & #4715

A) EMEBERDEUYTISIVICKD, DXIA5T)LY T 15— (Renilla Luciferase) H'5

480 nm ZE—D ETDENNEESND,

HRRIRZBIAZR\Z BRET 77w 21 D,

—73. YFP [& 535 nm {iAZE—DETDRCEHT
D, B) OXIA9TILY DTS5 —EE YFP B\,
F—ICKDOTYFP A 535 nm ZE—D ETDHNEFK L BRET DRI TNDHAD

100A KDEEICRIEB UEBZS. HBEXXOIRIL
D, C) &z

Luc @OIVAITIVY T TS5 -1, P2Xp[d ATP 5

BEFvRIL. GYR [FT VY VSEBEFvRIL. a1 3P FUFI VYSBEERT, NWINERE
N—8BERELERIT D ENTINE, (*, P<0.05,vs. YFP-Luc)
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B 6 DS B C o R B TR S AU72 RE & R RR
FEDRNA T 27 I U aWRBE I, 772
bbb, N T Ly Nz XD RE-ROS R,
CRH B:AFT 2 FIc LV /EF~BE L, CRH IZ
K DRE-SOSHBR T, N T Uy v U BNFEET
HEICEY . BRIUED 45%IE L TV e, Vi
ZRARFEIZ X 5 Protein kinase C DIEMAKIL,
NS F Lyl CRH OFMAAERIZER S E9C
H 1L TwWi,

Vi, 2B E CRHR, AR EHEM BAEH %2
1T MEDITONT, IR = R L ¥—
#% & (bioluminescence resonance energy transfer,
BRET) #¥EARIZENT Shiz, T7bb, 2K
71 VIR F TV B R I T W & v % U (yellow
fluorescent protein, YFP), F£ 7235t ¥ X7 H
(DI ABNY T =TF—F, Rlue) e &
. BHWH 100ALNICHFEET D D, v
V72T —ERANLOHBI X LY -BEE
YFP Ot E LCTHRIETS (K 1), VipRlue &
CRHR-YFP % & H IZHBL I H M TIE, FE
IZE W BRET OV 7 FARBIERI N, T7hb
B, AMPICEBWTZ O 2 ODOZRKRITIERIC
WL CTHEET D2 R RR ENT, Vi
Rluc OFHL &% —E & L, CRHR;-YFP DO¥EL &
FHINSE728%4 . BRET 2645505 YFP @
HOEERE L —E TR Lok L, FERFRM
72 Vip-Rluc & GABAg-YFP 725 O iR BE 13 A
BlIRE RN bz, £2, HD
MBS HEERD Vi-YFP & CRHR-Rluc T &
VNBRET v 7A@ s ne- Y,

Vib & CRHRI1 ZEAEDEEIRIC L HHERER 2
X, UV RSB L cAMP BEAED 2 DD R
TEIZIN, T8 112, MR/ REILREE
SEZHINE TR, R CH] T L = 2Ry
7L v (PHJAVP) OfEE7, CRHICE T
AEIWCIKT L, ¥4 %E# CRH
(['"PIICRH) D#EE1E AVP DL Z T 2o
7= 21T,
AVP NIGFETIHICI > THEICEE E /e T2,
Z D AVP OZhH 13 phospholipase C <> PKC & |3
Bt ChoTo, T2, TEERIZEITS CRH
ENRNY T Ly v DO ACTH 43 W LR
RoWFLLT, ~Tu~v—@FEHAKIZLD
cAMP FEAEBED TLENE 2 BTz,

5. EEZFHM L v ROVHF

BN Z 212, CRHR, IZXT D 3M A3, Vi
& CRHR, EAKRZHEROMARNREZ Zb S
72o Vip & CRHR; AR AR ITHIBRIE D 772
59, HRENO/NMIKIZ S RESBIEIND,
Vib & CRHR, Z BB I H -5/ ICD &,

CRH (2L % cAMP FEA D& KAEIL.

CRHR, [ZRFFH 723 Td 5 SSR125543 (21 -
T, AP EOPHIAVP A BRI Lz, Zh
1. JE¥AMED SSR125543 2SHARANIC A Y | /N
RO V,-CRHR, A KRZRIRICHE A L TEEZL
bz S8, fiREcHEEL-ZEE LN,
DL BZRIROR/IEEZALEE D ILEW
Z KPR % <1 ' (pharmacological chaperon)
EIEATWS, RN T Ly USRIKTIR, 2
NETEODOEIZLH Y v o U PRHRE SN
TWo, Vo RBFIRERFNERLT, 74—
T AT NEAC L T E R RPN RN
FoTLEILAIEL, KNOKOLREFDREE

. ZIRSZ A LFF & T 2 BB EIRAE &
2%, SR121463A X° VPA-985 & o 7={&4 71t
WX, R VS HR (B2 0X7 X/ B 185-193
DXRERL, 7T BEEKAL R LS, L83Q.

Y128S. S167L. A294P. P322H 72 &)k~
DORBEZHMEELENMONIBERELE LTD
FRANRALNTWD, Fo, ERNICERZ
o S EMENICE AR Vi ZRIRIT,

SSR149415 &\ 9 KEEA V1b Z A IRFEHIEE T
JafE BlicBiT S5 EN KD, Vi, & CRHR,
DEAERZBIRICHTT 5LV v o |z
XV, ACTH O53i%E N LA b L ARE NS ET
X DHAMREMEN H D,

6. shHYIZ

T hR~v U AE T L LIEWILIEICBIT D
FeF T, BFETYH CRH &Y Fyvick
% ACTH HPWOMBEDHENMOA TS W, =
DOEE. VT, XY by U ZFIKE CRH Z AKX
BAEKRZR L., SRR S D EEAE
MOEBHT S SICEMfT 2B mbND, £i0,
CRH &3 kv U ORIFALT cAMP FEANE
BT D, Lo TCTFTRIEOZFKRL LT
® CRH &YV b OMAEERIZ, FE#Ex T
BRIFEINTWNWDHLEEZLNLD, Vi, TRIK
CRH ZAFEMWIL, FERAEZ T TRITREEG DL
FOEMBIRENRON DO, Hx D
FricB W CTHEUNDZFIKE~T a5k %E
L, B EHEZRTAGEERH D, £D
Lo REAIE, EELOBRIZEBWNT, HLW
OB FERLEEH OIE LWERR A2 D 5 H 1%
NOEEZLND,

SE 3R
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SHEZEMROMNT

TERIEEA DML EMFIE

1. #=

JRPE T (A (adenohypophysis) 1 E=H (pars
distalis) . AL (pars intermedia) & L C &
&5 (pars tuberalis) B SN TS, FEild
Eik, IEHREEORMNCEEE L, EHREk 2 B
DT L DI L CTHWMlaDfE E L THFEL T
W5, FTEKEETE EPREECER X, T
WEARMRCRD 1 REBHMERES A VIAALTND
&N D IR LN D PR CREAE S T
K123 FEAARPIIRR 2 L CRIZEICE L, A
DARNE CFEAMBUAER T 5 & ) B
SMBRBINTWe, L Lt FEiEE
NS CH Y | BRSO ERTT 5 F
MARARETH D Z &, S BRI
Faih « EATDHZENTERNI EnD,
WEEARED R CTh A CThH D, FEE
HiE, =7~ &AW O3 A SRS
&L Ty MEERESOMIBAY FRNFTE A el C
B, AT, INETIZEEONRHALMNC
L T & 7o B8 O AR A R DU Tl
~5D,

2. BESOEE

JRPE FEARDFEAEITRE < 3 DDIEFRIT/3 T
bd, 7T VARUT XY ARESMEZED A
L7 M #ENECLSRIERICHED | HIHE
(LERE L D TRIKFIERDO AT —ToK, €

1011

| EhRE P

B ERFRF e T2 5E R
B —BR, MHEEEE, SOREC

L TR R LT VEEAMREA~D ML E VD
WREEZR T, A TEEOEKICES, FEEK
FHORAEDHIITEA TNDHIZHED LT,

Pl AR T 2 1T, EELIT=
7 ~UREHWTHFZEZITV, RSN T
% TEIRMEE OB IRERE I 52T 5
Z b DI FEARMEEE AT D MM
BEHLNITHDOMELZIToTE T, i
M HRARFE RO a-glycoprotein hormone subunit
(aGSU) mRNA ODFRFfERY - ZEEIHY 6 Bl 2 FE
(ZFRHT L72fE B, aGSU mRNA FEHMIL 3.5
AL (E3.5) DT ~7Ra Nl CTRIZE S 4L,

E4.0 (2725 & & OFBIGERIIR TT & R ST ~IRH
0. MaAESIEMRNC Y v RO SN BE S T
(Takagi, et al. 2008), %= M. E6.0 T aGSU
MRNA Z 3B L TV 5 FERRFIEOM 7523
MMIEELZ [ 23> C B~ E R Lis®, E8.0 TMH
BMIEICEE L2t & BIC BJ7 & R~ OV C R
MIED—E BT, ZOMEH, T72bb T
AR FIE TlE, oGSU mRNA DFRVVFEHL
DSHERF S 7L TV 7= (Inoue, et al. 2013), Z#L 5D
ZEmnb, =T MR TFEAREESIE, TEAER
JFIEEOMIFIZHR L, WA ZE U T aGSU
MRNA Z @3Bl 5 2 LR ENT-, S 6IZ,

ML R i 3 8195 aGSU mRNA D FE HiL Ak & |
TEAFTEM ISR TR E & D Lhx3,

KBIRDO~—5—TH 5 s-crystallin ® mRNA

B A2 2P

®1 5y s
EEcElE. EPERZEBDRIDICENMIREE UTEFET D,
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FEBLFEI 2 i L7 & 2 A Lhx3 mRNA (%
aGSU mRNA FEBLiEI 2 & T T AR T
FEHLL TWzdlZxt L, d-crystallin mRNA (X
oGSU mRNA DFEELFEHIHIZ DA EH R > THIE S
i, TERAEMEEHFEEL, D bREED
MW EIZ B W TR, TEIR L KEAE~D b
REZFFD 2 & VR S 7z (Inoue, et al. 2012),

3. FEEEERDMAIER

LB ORI, EICHF RIS AR v v

(Thyroid stimulating hormone; TSH) £ i,

PERRFNL A L o PEAE I & R R AR s 5
R &, o FEIEKRLE L THDRERL
TUEAME, T u T s FUREEME, BIEK
BRI AR V| A & R Ty D (Gross
1984), b R TlE, FEEIIIMEREE A LVE >
PEAEMAEN L <, 90 %EEL 5D D, 7> b
Mt (X 1) OFRAEVFEAMEOIFE AL
X TSHHIIRETH Y . ZDOHEIEIL 95 %REETH
L2 ERMBNTND, EELIX, Ty bEH
W, PR TSH flifaix, =58> TSH Hila
CITIEREFAY F - E Y AR B D 2
& W5 T Lz (Sakai, et al. 1992), 372135,
Ef#o> TSH MlIZZMATE T, TSH THfEiiik
bF%1T 5 LR E RN — kB I b D
kL, BEEERD TSH MR/ NUERIE T, =
Jo U EEE BNFEEE Uy ERL N D 7y (%] 2)
ZOZ &k, FEEE TSH AR IR RE U R R
WZH 0 | RS EI TS TND I EERE L
TW5, F£7o, E#O TSH Ml TR-2p ZH
KERB L, FRBALELDRTT 47 7 4
— KRRy 7k ifilEzEZ T 50l LT, &
D TSH ML TR2B ZRKERE L TED
PO & PRI TSH AR B 72 o 7= 48

TiZdh D Z &5 E 7o 72 (Sakai, et al.
1999), FEEATENL W IDH TSH Xk
TEER 2 L CRMRIBMCIER T2 Z L I3A< A5

WTWAHN, R CEAINDS TSH &R
WCHARBICAER T 2 O HOWTIERATSH 5,
S HIZ, PERE TSH MAEIZIZ =M TIERELL
TWRWAT F=UZRIERZ A7 1 (MTL) % &
FHELTWDZ b, HENEZIXFHGY

R LN E 2 L TN Y R AR B E S
2T ATREME & I aam S 41TV % (Nakao, et
al. 2008), —77. ¥4, FEEE O WS T
TSH MNIEFREE D ¥ =1 FOMEEH NS 7 E
T EIZ % A3 % intracellular channel %4 L CiE
PRI R~ S A TREME D E ST
Y (Guerra, et al. 2010), FEELES TSH 25 E K
EHIET S Z b E O, Hi- e ARERMR
HOT=DIZ, 4% LV EERRENLETH D

b5,

4. [FE#SER TSH #MERE D FIR & 5 i SR BT HEAE
AR U7z X D (SRS TSH #fasi £ < |
AT M= UZRENRERBELTNDLZ Enb,
o 1 IPERES TSH O HNEEN K ONA T h =2
DRI O THRF EITo 72, FEEE TSHB
& aGSU mRNA ZBUE, [FEkDO H NEBE) 2R
L. ZT0, 4, 24 IZB VTR, ZT12 225 ZT20
TEHEL WL EEHLMNI L, £72.
AT b= EIZX > T TSHP & oGSU
MRNA FEBUIBAE TIK T L72AS, TSH fayE e
PRI SN 2 D, PR TSH
TN TSH 73T A T b =2 X0 1l rY
I S D & E 2 B D (Aizawa, et al. 2007),
INET, BESOARET T TTD
ZEE, MERO/NES SO ZICHEETH o 7208,

2. 2y FREREE (A) ERE#ESE (B) O TSH ELRR

TSH [CX9 DA ZAVCREMBBIEZE 21T o712,
—[CHEBEND, —F3. BEESID TSH #RISNEKE T, JLIEBHNBRIEEIND,
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T4 Lazar Microdissection (LMD) #E% 5%
LIk o THETOARERINT HZ ENT
LI oT, FEFHEDLIX, FEEE TSH ©
B 7o 78 - SWRETEE L O N T 57
DIZ, LMD EIZ X W ERELL 7= P& E 2> 5 RNA
L TR BERFE~A 70T LAk
THRDZ LT, BERICREAT 28R TO
MR 21T o T2, TOFER, A F ¥
VARNRR TV 2 I VSRR A = R
2 (KA2) @B L TWAHZ a2 /L,
S LIZHBRAND T B I R AT TV
HIVNTUAR—Z—DOEDTH D ATA2
L TN E I VO, ARICED S 7L
A2 —F Gls L Gls2 NERENIC &SI L
TWAHZEHWSMNC L, F2 T, Mg
TSH (kT2 702 IV KON VE I D
R EZRTT D7D, BEEREA T A AR5E
EWRE{ToTmE A, INAEXI VU FRF T
2 X UPRAVERIZ KV PR ER TSHP mRNA 581
FAEEICEM L, BERENZ L, 7 vH
IR 4 FEEAN S TSHP mRNA FEL A
HINEE T2, Zvy L UBITIRING 2 K
7225 TSHP mRNA FEHAZHMS L, Zhb
DFERNS, BETTIEINLZ IV T A
R—F =L VANV IAENTZ 7 v
HIVUWITNE I UBBICER SN, A— 7
FTAHLLIEFNRT I T4 R > TA
o F e ARNZIRR KA2 IR L. TSHP
MRNA ZBHE N EE I N D Z & BRRB I iz
(Aizawa, et al. 2012),

5. BEIHvaA4/nT7LaAahbELNTI=FHLL

MR

Vs B 58 0D B 72 70 AL PRRERE O MF BRI IL, Bkl
THRHEINCHBLT DR T2 FET HZ ENEHEE
ThiHEEZ, ~A 70T LADT—E b
EEIC @R T DB T ORBR T T2, T
F RARNT R UWNESR R BIZER LT
—HAR—AEER LA, —a—m AT
U (NMU) & Insulin-like growth factor 5
(IGFBPS) R E B L TWH Z xR LT,
NMU (ZE2ibE CrEA S, = Fx X —if
5T 5T F RARALEL ELTHONT
WTE EOSWHE 72 ST AR T h o T,
Z T, ETHEFNMIT 24T, B
NMU #H% TSH sEAMRICB W TR O3
ZHAGMC L (M 3) o I, NMU O HIN
KE L AT M=k DEBERG LR R,
NMU mRNA Z8E ZT12 I[CEE L 72 5 HNZE
rrl, b, AT h=rvo&EEIZE-T
mHEshsZ EBNRENT, —FH., BEMWN

A. NMU (ISH)

B. TSH (IHC)

X 3. Sv ~EHRECHITD NMU RISHMIROSE
NMU EISHIRSERSCAEBEICBE L. TSH

EEMIREHBEL TV,

(Aizawa et al. PLoS

One 8 e67118.)
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NMU (F#aR & Vo 7m o L X —IREED LI
Lo T Lo lz, BT, BRI
DFWE T NMU OIER S EZFRS 7912,
NMU = BRFEHLOMN TORTE % in situ
hybridization 75 % VTR L7255, NMU 52
BIRZ A7 2 (NMUR2)72, 5 =M EAGH L
JITELTWD Z LB B0 L 72> 7= (Aizawa, et
al. 2013), A&, FEEiHio NMU OABREAIC
DWTIEHE R D8 EAT 5 BN B H M, Feid
# NMU 1% intracellular channel Z4 L CE 04
TR P~ ST IS =M EAGKHIR o
NMUR2 ([Z/EHT 2 Z & T, il & DA FREA
RETHOTIIRONEEEL TV D,

A% D FVE%Z VT IGFBPS ZfiF#fr L= & =
4. IGFBP5 mRNA Z 8% TSH pEA i Tl fiL
LT, IR (FS) Mifno~—h—7T
H% s100 X oG ERFEL TN En
5. IGFBP5 [ ZF&HES FS ML TR L TV 5
DIRENTZ, Fiz, FEEE IGFBP5 mRNA J8HL
FHENEEZ ST 1 HEZBELTCEDRIL
AULEIR L, AT b= U BRI L DR
bR LN o T, —MKAIIZ IGFBP |E IGF &
AL IGFZARLY bEmWBREEZE L TE
V. IGF @ Bioactivity ZRfiJ 2M@& 2>
ERHBINTVD, IGFZEME (IGFLr & IGF2r)
DRI JRFEPIZ B L TWDH Z & KW
IGF2 [P E TR B L TR & T MR B IR
BIRELTWEZ L, ELITHMEMIETICH
FTOFENHERINLTWVWDHZ L E2AbEYETEX
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Dl FEEENGHWSIVD IGFBPS [IKEKIE
RNRAGE N DEL - WS ND IGF2 LfEET
52 LI ko TR CARRER 2 3695 & W
I LWERRBEOFENTRESIND, LLED
X 912, NMU & IGFBP5 DN~ % i
A ONNCT DT L, BEEE O AEBEERE 4 B
ONNCTHTEDICEERFETHIEEZ LN
%,

6. FLHESEHEDEE

O IR O TR EIERE & 2 O A AT EE
IO MNCT DT DICTRENFIEEHIT T D,

PEELir i, A ooRAR I WRHT O IR B S i
RIZHEBEDEFADIH B T 7 o TV W SRR &
EZ25, LWL, ZTHETOMNEND,

PELERIE BB SR 7 B8 2 3 2 5L &
L CHEERBEZH-TWALZ RSN, &
FEOMIEN HITERE THEAESIND TSH X°
NMU 72 EDRLE BN HFREA~ERT 5 &9
FLWERFER PRI ND 2 Y, #r L EHR
TER EERRBEOFEEMENRIBINTWD, 4
%, PEEERICHEF RIS T DN+ & R L,

BAR AW EZEHT 570 & U C R A%
DR 1 SR SO L R Ry SR A TB AR 1 Ol S B %
R D Z & THEER O AEFAEH O 2 e Z
EEHFL TN,
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GnRH-(1-5)IZ& % KNDy —a2—0O> %L1z GnRH/LH 5 b8 EE 18

P SN N e

X AT F 0E, 2001 FAZ H RKDOHGE 7 —

TN L > TRASNIZERENESTF R ThH D
(Ohtaki et al., 2001) ., AN CIZEIZ, AIIEMAI
HEHE SRR TEHAIRED ST >D=a—n
VEECR AT FUNEEIND, FAXTTF
VRN GNRH == — 1 ICHBRT A L
T/, FAXTF UM GNRH & LH O3 % 58
INARET D Z LD, FAXRTFUATHIRT
BT HEAR—ME AR O TE U T2 DR F R &
LTCHEAEZED TWD, < ORPFEILN S |
AT E AL & SR DX AT F o= a—
o UREE. Z NI GNRHILH O — Ry
LV AR W E 2 hr— LT AR E LT,
BEZSH LT EVIBRBFENTH D,

T, FARTF o =a—n DOiFE % HlE
T2 LIRS 7S LB ICRETSH Z &
IZE D, WHEOI R E & PEIN & 9 5
WAB=ALEZHLDITEDLLEEZTND,
ZZTRIE, FAXRT T ma—m R BT
DR T T R OZ AR Z MAFEAIAET L, W
< OO BLRZRGE R 21572,

MHFFEE CIIUTAE, fHERAAM 2 12 L0 2
RTF UGS (Kissl) ZRAdEy V78
tdTomato Ci& X #i 2 78R A& 7 » b &1EH
L 7= (Uenoyama et al., 2015) , tdTomato 737K €%
DKissl /2770 N7y NTIHE, MEE HE
FERE I DN E LT D23, Kissl & tdTomato % 1
allele "> FFo~T o BIOE AR, BFAR L [FH
BRI IER 7o B RE 2 4, Lo T, ZO~T
afEEREZRATE, AT Fr=a—nr
23 tdTomato 12 L W AIgfb S 7=ET L& LT
EHTE%, Zo~T RO RENS
tdTomato ZFgfE & L CTH AT F o =a—m
DORHERY ML, BT D2 HEBIE T & T
L7c& Z A, GNRH OE T F RITHkIT 5%
RENFEBLTHZ LR L, 2T,
GnRH ¥y~ F R OEBEEEE IH S Iz T 5
720, 7y FOFEZNBICHRE LA, #&
5% <IC LH W0 EFA BB iz, —JF
T, Kissl /v 777 FZ v MMZ GnRH #57
TF REHRELTH, LHWIZIE A B2
DR LN NoT2Z b, 2O GnRH #R43%
7'F RO LH syisedEnglL, TEADIF R b
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A B TR R
AFEREIITERE SN

27 % L TCTEHRS, FAXNTFr=a—n
VENTDHIENRHLMNE ol 2D DR
BB, GnRH E X7 F NITRikEE s A7
Fr=a—nm ZEEEM L GnRH/LH D531
ERETDHZENHALNE ST,
FARTF L GnRH OBRIZ. 2T
[P AT F o =a—arb GnRH =2 —u
Vs E W ORI IR — M ORTH D EE X
LBNTE7, LOrLAWE) S, [GnRH ==
—RUNFARTF o ma—m T f— R
I TDH] EWND . HT7e A = X LDIFLEN
BHOMMWE o, BEORETIT. 7y MIE
WT, LHY—YoICRES AT F o =
22— NEH LSS Z EBNRENTEY
(Kinoshita et al., 2005) . GnRH 23 K2 H
INAHZY—VoRATIC, 2Oy a—kL—7
c T 4= RN IR 5 TWDDTILZR D
EEZTWD, 5%iX, FAXTF 2 - GnRH
Za—ursEOva—btVv—7 74— Ky
7 BRSNS T AR B R B O S IR S
5o
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T4 AR B RE I 1E B 4> A 2 X E R FHRE D
AMP jEMETOT A2 FF—+ (AMPK) D&% E|

EFLEE TR, UERFRFCB MR 70 S & Tl
BRESREDS B S D, T, %%ﬂ&ﬁﬁ%
P (BGH) X0 EIR D A TE 2 BB 54 2 J s g
ThHD, BOMIZIL, =R /LX—iRHEZ

L. PEREEREZ3MEI L= . ERITE 25 &k
_fwﬁﬁﬁbofwé FLETZNE T, %

2R 5 A AR S 2R BE A B L,
é%% EMfl 20l S T /a0 L —8
H—MlETH D LB L TE -, EAHIIE
MR 2 BT 6 UIMEBEITR L %?6@%&@7)
THILTHY . F ) a— 20k b AR [l
a2y BB 5, MERKICEEND
FOX— VB L, KM P REZ KT %
7=, MERERICHEBEEET 5 AR O
T VX —ARREICBIT DM A 152 DIZIEF I
%Aﬁﬁmﬁﬁfaé

Fix, EAMREICBTF = Rf VX —2 v
T OMPEN A B = X LT 5 7=, %N E
KM D AMP {EMHL T 0T A % F—E8
(AMPK) IZEH L. W O DOEREIT- T,
AMPK [T ERAIIICB W CTEEICHRFE ST
LtV / Avt=rXF—¥THy, K7L
I—AD KX I)BIEEEA N L ATRELT
AMP {KAFHIIZTEMAE S D, lttﬁ7 v I\%ﬁﬁu\
T, AMPK OIEME(LAI A2 NS Y
ﬁﬁ%%%@@hmfm¢5¢%ﬁﬁw%y
(LH) o@hRex@isi L7t 2 A, AMPK {&E
{EFIFE G-DE % D> & 7L AR LH 43 OIS
BOLNTZ, ZOZ X, %BIKO AMPK OF
MAbZ A LT, B0 EEEE R R W T 4 T
HIE T N DD LB R LTS, £,
AMPK O TORITEERBE LTI & A, FRlZ
M JE P O EAGHIIR ORI AMPK 25 & WV L
SULTRIL TS ZENHLNE - T,
EiF EAGHIE O IFBEMNCALE L, IFE RO
NES VT DI FT > TEIKH D Th D,
‘QJ:MMK%%%#% EIFBLBREN, X

. FAIX AMPK OiEME(LAY EAHAIZ &IE
?/@%nmmofﬁ Lz, ZOEBRO AT
FIRRAEYE X /%Y Venus TRIfLE 7= ]\
TFoAY =y (Tg) ~UAZ{EH LT, Z
D Tg ¥ T ADNLEIKOMEJEFHO A2 8]0 H

(&G L,

Gl BRFR B A A IR SE
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Pt AR RS
G iR R 2 v S UGS

L. MifaoA o277 v a vk 37207
{ A=A LT=DH, AMPK OIEMEALH % 1EH
SH7, T2 AL L ERfMno £ < T,
HMIN Ca® e D FF1N3BD bivlz, FEED Y

U7 HRICEE T 298I L, 7 U THilat 5
LIEFICEI I TH D . KN Ca? T
KM S S ERBEDE Z T 52 &N
WESIN TS, ZNHDOZ EnD, KEER
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Collagen producing cells in human anterior pituitary gland,;

normal pituitary gland and pituitary adenoma

Division of Histology and Cell Biology, Department of Anatomy, Jichi Medical University School of Medicine

Extracellular  matrix (ECM)  provides
mechanical integrity, rigidity, and elasticity that are
essential for the function of cells. It is important for
cell survival, proliferation, differentiation, and
migration of cells in various tissues. Collagen is a
major component of the ECM. Human pituitary
adenomas have been known clinically to show
variation of consistency of tumors tissue, and TSH
producing adenomas frequently show clinical hard
in consistency. However, it is not known whether
the tissue consistency in adenomas is related to the
ECM. To clarify this, we identified the collagen
producing cells in control tissue and pituitary
adenomas by means of in situ hybridization and
immunohistochemistry. Human tissue samples were
obtained during surgery at Toranomon Hospital. We
performed in situ hybridization for collagen type |
and collagen type Ill, and double stained for alpha
smooth muscle actin (aSMA), which is expressed in
pericytes, myoepithelial cells and myofibroblasts. In
addition, we performed in situ hybridization for
regulator of G-protein signaling 5 (RGS5), which is
a pericyte marker and also expressed in
myoepithelial cells and/or endothelial cells under
pathological conditions. This study showed that the
collagen producing cells in normal human pituitary
were pericytes, which were aSMA (+) and RGS5 (+),
and located closely to capillaries. In pituitary
adenomas, we were able to classify 4 types of
collagen producing cells based on their histology
and molecular markers, 1) myoepithelial-like cells,
which was aSMA (+), RGS5 (+) and located next to
epithelia, 2) pericytes, 3) myofibroblasts, which was
aSMA (+), RGSS5 (+) and located in the middle of
fibrous matrix, 4) fibroblasts, which was aSMA (-)
and RGS5 (-). In the intra tumoral part, the majority
of collagen producing cells was myoepithelial-like
cells and pericytes and myofibroblasts were minor
(Figl). In tumor capsule, the majority of collagen
producing cells was myofibroblasts and numbers of
fibroblasts were a few. These results suggest that
there are alterations of collagen producing cells
between normal human pituitary gland and in the
human pituitary adenomas. This is the first report of
collagen producing cells in normal human pituitary
and human pituitary adenomas.

Alimuddin Tofrizal

(This study is collaboration with Shozo
Yamada MD, PhD. Head of Department of
Hypothalamic and Pituitary Surgery, Toranomon
Hospital, Tokyo.)
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Figl. Collagen producing cells in TSH producing
adenoma (a typical hard type adenoma)

Collagen type | mMRNA (Collal) was detected by
in situ hybridization (blue) and aSMA was
detected by immunohistochemistry (brown).
Collal was expressed in myoepithelial-like cells
(arrow) and myofibroblasts (arrowhead).
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