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WIE Fia

RIZH T 2 BHARFEAVERE BCE B RETTHEIE O KX Z O 80-85% 73
Adrenocorticotrophic hormone (ACTH) pEA=M: T IR K35 N RAKAFIER
B HCEMSRETTEERE (Pituitary dependent hypercoltisolism; PDH) THh Y, 7 v
ZREBIHIND, RO TEARHEMIE, TERAREE PRIZE B IOMRLED 3 TS
TR ST Y . KD ACTH PEANE FIRAAREDFE AT T ERARTEE S L < I3z
\ZH%3 % (Hammer et al. 2004, Taoda et al. 2011), KD ACTH BEAME T TE(RIRIEDKY
70%7% FEE(RATEED ACTH PEAAIIHR TH Y . K9 30%78 FEEAPRHIEEHK TH S
(Halmi et al. 1981, Peterson etal. 1982), %£7-. K ACTH pEAEME FEMNESOZ < IXR
PEOIETH Y | PHEDOFAEIT 5%FEE TH 5 (Feldman & Nelson 2004), /L5 —
JVPREE PRI BB 2 SRR & 9 2 R PR B BB RE TLEE D FE ARSI 15-20% T
&b, (Feldman & Nelson 2004), t MIFWTIE FRARUSOIBRIC A2 BT
ACTH PE/ENMERITE BUEPRRETLHEIES . B BERERETLEEIE DR 5-15% % Hb 5 & sS4
TU52% (Baylin et al. 1980, Wajchenberg et al. 1994, Isidori et al. 2006) . RiZF1F G
IE—BIDHTH S (Galacetal. 2005), 7 v 2> ZJROFAFIT e CTIdAR] 1,000,000
NI 2-3 N THhDH—77 (Etxabe etal. 1994, Lindholm  etal. 2001) . K TIF4ER] 1,000 5
IZOE 12 BEHDOFEAFTHY (deBruinetal. 2008) . KIZBIT 57 v ZIRDIEER
A3 0> 1000 fFrEm 2 & ITBRIR Y,

7y TIROIEIRIZZAR TH Y | JEEHE L7z ACTH PE/EIuA & Oiafl7e ACTH
SIMAODRER, MR BCE OIERES L ONm =LV F > — /VIIEDS G [ & i 2 S, 2K
2R, 2R, NEFIR R KL ORERNZS 72 & Ofkx IRERRIERD N RELT 5, 2 b Dl
IRIESR D 9 BN IRITRIE BUERRE TIEIZ 1T D b —IRIVZRIEIR TH D, LR
[ TR SCERERE THEIEI I W THEI SRR DL DIEIR TH 5703, ELR7R TR 2
£ D SEBI TIISOHZ AR FEOEIBIZHEONERME T S LITHKT 256 b H 5,
MEPAIAR X, =2 VT — WS K 2 MBI O8N, IR ES L ONEHT % /1 AR R 23


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindholm%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11231987

JFR T D, ERHER E UTIIE, BEDOIEEE, S0ESROMBNI L 7R
JER JOBCUHIENFET 2 Z L2V, S BIT, B EEE TEERE R Cldm
VF VISR K DA AU ARGUED T2 DITHEIRIE 2 0738 Lo9 UM, IR ZE
BIEZ 8T 52 &b 8D (Ishino et al. 2010, Feldman & Nelson 2004, Teshima et al.
2008), FrET~E Z & & LTE, THEAEE ORI AR~ D=k K
WMRER L W o T2BEZEN HHLMERZ & L COMEZHO, MER S SR Shd 2
ETHD, FERE LTI D WTRIEME & W o T Mikg D2 b, TEEHSER, DE,
SHIZENTIEH LD bODOIR, JERIESR), ~> Ry o7 K JEE Sk
72 EOMBHERDRDOOND Z LD D,

U4, Computed tomography (CT) 35X ("Magnetic resonance imaging (MRI)
O/ NIRRT A~OBEAIZ LV | THERAOZREA TGS 2 Z L 23 mE S 7r o
2o RIZHETDEXREE (EE =10mm) OFAEHELIT 10-20% &, HrIVE (R
<10mm) OFAESENENZ L3S TS (Bertoy et al. 1996, LeCouteur et al.
2007), E£7z. KIZIHT 2 ERBEDK) 10% IFEHREN: FRANELR CTh o7 & iid S
LT % (Feldman & Nelson 2004), BIAE TII RO FERIKEE A A&7 248 & L
T 1997 21T Kooistra et al. (& X - THEME S 47z pitvitary gland height-to-cross sectional
area of the brain (P/B) value (P/B value) 73— STV D, ZAUTROEREEZEC
LoD Z &7 KB TR A Z2THlET 5720 DFEETH Y | P/B value <
0.31mm* & FHARDIEK: L, P/B value > 0.31mm™ 2 FEAEDOERD V & HET D,
P/Bvalue |Z X HFH 21T > 7o R TITK 60%D FIARIEGANER A5 2 & A3V
5L C5 (Kooistra et al. 1997),

BUEY v 79RO & U TE Pk, BREFE S BT, BB, SMEHER,
FHNEREDN NG S AV TN D, PRI CIImHE BREE T & 2V NINEEE M IC X 5%
ST BRI L 2 PRI ORI » & TIROH —TERIRS N DTER
FETHY b AN FE & LGRS 41TV 5 (Shimon et al. 2002, Barker et al.
2003, Hammer et al. 2004, Atkinson et al. 2005, Hofman et al. 2008), L7>L7g23 6, THE(K
HESE% D SN~ DAHFRIZE 3 25 LG AN O FFIT6T U ISR S S


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertoy%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=8635969

% (Mahmound-Ahmed et al. 2002, Vance et al. 2005), — /7. BREZGEEICHBNTYZ v
> T IRIERIRE L L COMEARE <A DIV, FWiEz Tl L LTSRN -
(ATONTW D0, TRFEEIRAAT O BRICIE T IRNEE A X 2EE T2 2 L EET
H%, TIRHOOLYHNRROBPE CHGZWNT KV TR A ZOFHh 24TV, THER
DIERAFTD HITGEITIE, SMFHERSO SR IRE BB T 5 & Th D,

BUE, RDZ v 7RIS 2 NEHBRICIZRIE 5t % /<3 op™-DDD (X M ¥ )
K> 3 B -hydroxysteroid dehydrogenase FHEAITH D U B A K L bW vo T FEAID— %)
WZHWHIRTEY | BIBREICRIT D a0 F Y — VEAR KO WAk L, BRAE
WaedeET 52 L2 HE LTSN TWS, T TIHRIWER OBV DN 2 &
S MU RS IPHNERRIROFRE LT S TERY . ZOF RN ZEERE S
LT % (Peterson et al. 2001, Neiger et al. 2002, Baker et al. 2003, Braddock et al. 2003,
Alenzaet al. 2006, Reine et al. 2007), L2>L7e3 6, ZiLHOIANZ LW ACTH pEAM:
TEANERGORRDSIR SN O MEBRIESER STV, EFEIICWT, 7 vy
> 7B TR OO A S L7256, T EEIEORE 23 & S 41 Nelson fEfx
HERBIEEZIEINDZENHBLN TS (Nelson et al. 1960, Bamett et al. 1983,
Kasperlikz-Zatuska et al. 1983, Kelly et al. 1983, Thomas et al. 1983, Thomas et al. 1984,
Pereiraetal. 1998), F 7=, [EFREIIZISVNT /LT — /L3 UMHIIEEAME FH S o
(D720 VT — VWIS G- ORI, TEAPEO R BR S D AT
BEMEN S VD . Z OHIGE Chemical Nelson JEERE & FEEIL TN % (Teramoto 2001), W
AN, FEKEIZOY A X BEETEHGRAC E M L7256, TEREEGOMRIC
PRV EEL L, & DI EMmITfaii e TS REMEDN B 2 b D,

BRZESAHEIRIC ISV C b Rijnberk et al. (1968) ORIEIZAAE W . Meij et al. (1987) 12k
V) BUEERE R 30V T I S AL TV DRIBIE R ERIAREIRRIT 2N A S 4L, BRI
TR HE ST D (Meij et al. 1998, Hanson et al. 2005, Hara et al. 2010,
Mamelak et al. 2014), ZOFTHEILE hOENLEITRR Y | FITHIEREIE WO
PENI L ORI DI FIC T 7 e —F L, ACTH EEAME F RIS ORI Z1T 5,
TERIEG A A0V NSWNE EITERBGES RV 5 SN TR Y | PBvalue &7



IS5 2 LNV BTN D (Hanson et al. 2005), e FEE(AUIRRIIC L 5
TRIZERIFTH Y, BEFFEEIZBWTOARFINC LD 7 v & TIROIRRNE A T
X TV D, FIITFREE e T ERIRDIERT D254 & LC high definition video telescope
Zfdi U 7= FIRARDIERIT)S Mamelak et al. (2014) 2> #E Sz, Lo L7eas Bk
WG & 722 PR YA KOV TR IED RS S TR, FREIS
OHIEHIE OHBAAKAF T D & ZAPREVY, Fiz, RTiEE b &Ry FRAHE
OB OYIRDNEETEH U IEH TR S &0 7 TEAETIBRN M S 5720
WEOHFRIRANVE L, HIRIE LT, 2V FaRTaA RORIVE AHIERIEDN
BIEFICUABL 12D, ZD 5 b, FRIRALVE T@EFE R 1-2 BERE CEENE
HHIHA (Haraetal. 2003), FUMRIRA/LE LB LT LF a2 AT 1A RIAJEREN
VR LR D,

RS “FAEIRIC W T B HIHRIBIRIC L D 7 v o U ZIROIREDIN L T . A
RNT —T % W HERBRE TIX, TRAEGOM N EIFTE 5 L shTng
(Goossens et al. 1998, Feldman et al. 2004, Kent et al. 2007), L2>L7223 5, Kb
MCIEm LT — VEA BT 5 Z L3 L <. WRHERIEOFADARETH 2,
EDIT, HEFERE CITHRZINT AT 5 2 EDNBIFEMICREECH 2 &0 ) RIER %
Fensd,

BREEFREIIC 1T D 7 v U ZIRIRIE TR, 7 v U TIRRRBR DS  DNEREE A
P17 < L ACTH PEAEME T IRMIIEDORR 5 A TZBE T MRI RSS2 S D 2
EMBN, Lo TSR DOUGER JOSHEN IUWERZE ORI & d o0
BEIDT= DI EHBREDNRIRESNDGE030 H, L LR HEIRECII EORREED
YA ZETFIMNCLD 7 > T ZIRORIEDATRED & D HABH S9N 72 - TR,
FT7bb, AFHRRZER LIZGAEThHo Th, RERUBRITZICHRENEZ o7
B\ I3 AR OCERERN S DI L 72 573, O AlRet 2 I im ik
DIIEDMFE L7V, & BT, MRIUREZRHI TN K DIRIED RIAD HHERDBIEF 1
[BNZ LR TFRIESNDEAITIE BEEREIR L 72 2 FTREMED B 5, D RATAR
AT BHER THERE S 41T DR FERAGIBRIT O MRUZEE DU - Ffniic AL



WATATIRE L, PRMECHEMNT2 228 - 0RE L,
EBITABRTCIE. 7 A U BB IO EU ([ZBW CHRIFREIG S 5 OIS TFI AT
TN v v o ZREFE I U TR SNV VAT B BLOV Y~
NAZF T F a7 ORFTHEIERIFRE SN TS A FLATF FBXOT AT
ROVERER E 72D Y~ N AZTF U2 74K (Somatostatin receptor; SSTR), & HIZi3E
MZBWT ACTH PEANE FIRAIREICAZIEZ /R L2 & OFEN STV D K233
7 I=Zk (Pivonello et al. 2004, de Bruin et al. 2009, Pivonello et al. 2009) DYERILS
T % Dopamine D2 receptor (DA2R) 7 ACTH PEAME T ARIRAEIZF61 ) D FEL A s
MIRRFANCIFIZE Ly KD ACTH PEANME T TARBIE T D 2 b O FAN DB I ~TA)F
ToATREME AR5 2 LA AL LT, E7o~ U A PRI R R ACTH FEASML T
b5 AT20 MW T, Y~ FAZF T a2 3200 1 >4 LT
ACTH FEAEHRE D Bone morphogenetic protein 4 (BMP4) * 7 /L4895 Z L2 X
V) RIS ACTH DEEAIIHIICRE G- L TV D Z E NG STV % (Tsukamoto et al.
2010), BMP4 (3B HI D T RIKTERUCEHERIEREC R Z XV ETH Y . ACTH pEAE
HlZ 31T D BMP4 > 7 Uid ACTH DA, Ml bds K OMEEHA b4 i3 2
(Labeur et al. 2010, Giacomini et al. 2006, Otsuka 2013), L CAMBI TIZE HIZZ D
BMP4 7} /WIZES 595 BMP4 35 1. Tf Bone morphogenetic protein receptors (BMPRS)
DREFRR F RIS JOVACTH EANE FERRRIEIZ 1T 2 5 A HaT L7,


http://www.ncbi.nlm.nih.gov/pubmed/?term=Labeur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20398728

H2E Uy SIRRBRIZIIT D magnetic resonance imaging (ZES\ R
B T EAYIRRIES e B 2Rt

2-1 WS

RN VT — VBRI D U m A Z R0 b F B ENERARITEL
TERIZBIT D 2 v v TIROEG & R DI T1E T 2—J7, R CIIEHER
128D ACTH EEAME N ERAIEE ORI AR O —EIR E 72> T % (Barker et al.
2003).

b MIBT D7 v o ZIHOINEHERI LB FE BT & 5V NIPIHE T2 X D%
R ETRTHT CH 5, BREZAEKIZH T Rijnberk et al. (1968) OMFEHIAAE D |
Meij etal. (1997) |2 X 0 BIfEFENE S LTV D RBTEE T ERARUIBRIFAEA S, RAT72
TRIERGEDN RS ST D (Meij etal. 1998, Hanson et al. 2005, Hara et al. 2010), % 7-#%
W T AR 2575 & LT high definition video telescope Z{# ] L 7= FIEARGIRR
firb iR S TS (Mamelak et al. 2014), L7 L7273 B N AR O Ty
WG 2 T C & 2B REIIARTEARE . S TR BT, £ ORI E OHIC
KFETHEZADBRKRE,

THAADRKE ST 2L L C P/B value (Kooistra et al. 1997) 73EREE ANk
(BN TR ST D, PIB value 13 FEE(RD R S & IMOBEALIC L #HiET 2
Tl L Y, REEEABX T FEEOBROAEZHIT HfIE L LTl Sns-,
Dz, PIBvalue TR T RIAGIFRIFO TR SEAE L L TRESNZH DT
72 FEAOEKRZHWTT 5D TH L0, BUERD Y v o v TIRICHRTT 210
T T ERRGIBRATO B2 TSI IAAE L7220,

AN IR T RIS S 727 > o o ZHRRRER OB MRI (=]
BT 2 2 LIk 0 ACTH FEAEME T ERNIEE O TZREFHIRHEIC LS\ V7 Grade
R EBRTHIEEEME L, S 5I245 Grade OE2UIRRER X OHHEL I



BNTT D Z LI XK VA Grade F3HEIEIC K DR E T IR(AREIBRIN O T S E 2
AT 5 Z L 2 HRYE LTz,

2-2 Mk X UY5E

2-2-1 KISHEH

KA REWER T o & — iRV RIS BB R RE TEEE 2 AR ORBE L7 7
U UEMRBIR 3T BR (ME20 9, © HEBMET B, MEL17 EA. O HibEdE 9 5H) A x5
JEB & LRl Uiz, JEFIOFEO FYEIL 8.0 5% (range: 4-11 %), {KEOH
JHl1E 10.2 kg (2.15-25.46kg) TdH-7=,

2-2-2 7 v TIROBEHE

7y 7T ACTH RIEGABR, WIKIMEMAE ACTH IR, RIEESERER LD
SHES MRI BEIC L > T2 L=, ACTH HIGRERIT 0.25mg DAL ACTH S
(Cortrosyn®, Daiichi-Sankyo, Tokyo, Japan) % kN4 5-4% 1 IReffl D1y =2 /v —/1
FEEEAHIE L7= (Immulite 2000 Immunoassay system; Siemens Japan K.K., Tokyo, Japan),
NIKIMEEE ACTH JREEI I ZHHRFTRIE 21T > 72 (Immulite 2000 Immunoassay system;
Siemens Japan K.K., Tokyo, Japan), ACTH HiliiakliRi & ACTH HIlii4 i = v 7> — /LR
FEN 220 gldL LI ETH D Z & ZffR Lz (Frank etal. 2015), PN ME ACTH J2E
D5 EHIPHIX5.0-36.0 pg/mL & L7, Bl OB E A CIEmRIORIE A% 6.0mm
PLEER LT\ Z & il L7c, BEH MRI #&4IE 1.5 Tesla superconducting MR
imaging system (Visart, Toshiba, Tokyo, Japan) & %\ 3 3.0 Tesla superconducting system
(Signa HDxt, GE Healthcare, Tokyo, Japan) (ZJ 0 T1 58§, T2 9858, U RY = L
T1 SEFHARMTE, BT MR B2t U, FRAIEEOFAELMER Lz, £z, #&
WA TERARGIERINC X0 it SOV FTEREEG ST~ T~ bRy ) v s 2 v
Qetads LY ACTH SefE et ATV ACTH PEARNE FIR(AIRIE Ch 5 = & 2Bl I
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P2 LT,

2-2-3 FRMTE T IR GIRIfT

TSRS T AU R B OGS HE U CHEfi L7~ (Meij etal. 1997), FHFEH X
0. BIEFITT/NA Ru=z/LF Y (Hydrocortone, Banyu Pharmaceutical Co., Ltd., Tokyo,
Japan; 1 mg/kg iV, 4 times daily), EEE7T A€ L3> (Desmopressin, Kyowa Hakko
Kogyo Co., Ltd., Tokyo, Japan; 0.1 pg/kg s.c./or 1 drop into the conjunctival sac, SID-BID)
(Haraetal. 2003) ZfifH] L7zas /L& A FERRIE A BIAR LT, SEBIASER B TRE & 7 > 7o 4%
lZIA FearFy ozt L, 7'V K=Y r > (Predonine, Shionogi & Co., Ltd.,
Osaka, Japan; 0.5 mg/kg per oral [p.0.], twice daily [BID]) (ZE#E L., LAV A axi
(Thyradin-S, Aska Pharmaceutical Co., Ltd., Tokyo, Japan; 20 pg/kg, p.o., BID) O$¢5-%
MR UTz, HHET AT L2 v OGN 2 FER L, JRAMEDOUEDS TR B
FEGI Tl G- 2 ikt LTz, R T IR (RBIERIN 2 F2hi L 725ERIo 5 H 8EAT 1 » H
U EOEMICOI- VERET AT Ly v o ORGPNE L 72572,

2-2-4 MRI (ZHEDV 2 ACTH BEZEME T RS Grade Z)%Hi%

TGO MR ORI IR I KL ORI C Ab T HEEARTEEAMHR L
127 R U =0 LIS T1 iaiociRIE s SO MR B2 M L7, MRI O
FF1% 1.5 Tesla MRI B2 25 ] U 72355 "Cl slice thickness 2 mm, interslice gap 0
mm, matrix 160 x 256, field-of-view 12 cm, 3.0 Tesla MRI figsZ k& 25 H L 7= 854 Tl
slice thickness 2 mm, interslice gap Omm, matrix 320 x 256, field-of-view 15cm Th 7=, i
X I K OFLERIRA~D T TN O i 2 ZERAT [0~ F RR(AEg O MR, s,
=== 3 L OMUREIG~O N EANEGOMERZ DT OME S U TGHTZTT- 72
(Figure 2-1), & HIZ FEAIELEO Willis Bhfjiids J OVERFHIRIR O A BRI
7R Y =0 LR T1 SRRk MR it 2 A CREh L7z,

T EAIEE L OMREFEC LY 550 Grade (20 LT, 372 h, Grade 1 134
H e A2V TS, Grade 2 (35 2B A, 5 IME~DMHEIEED I3,
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A A OV D\ NEFLIAR, BURHIFE~OEHIANETE0 Hie\ T ERAED, Grade 3
[T A 2 A XIS LV & D W NTFLIRA~OEERE DT80 BV 5 IR EIE~DHz
fill 3ERD B ALV T EIAIE, Grade 4 |3 B X, HIAZX IS KOV 2\ EFLERIE,
BURFEWE~ORATD 55 T IR, Grade 5 135 === & S #3425 T AR5
& LTz, S DICE DB AL ZFHIT 572912, Grade 1-5 DT T Grade %] L
T, EHI22250 Type A LT, 7205, Type A 1% Willis EIfRiR & 5\ RS
AIRIA D% Z AR 2V F AR, Type B 13 Willis Bkl & 2\ 3R IR D& &
AAIN B D FEMER & Lo (Table 2-1, Figure 2-1),

2-2-5 P/B value O HH

P/B value | i £ D2~ T, AZE virtual place software (Virtual Place®, AZE, Tokyo,
Japan) ZfEH LCA N =7 AiEs T1 5RFMWTHE MR B 260 H L CEHIL 72
(Kooistra et al. 1997),  P/B value >0.31 mm* % FEAADEKA Y . P/B value <0.31 mm™
Z FEEROMERMEL & U CEHil L7z (Kooistra et al. 1997),

2-2-6 ACTH FEANE F AR O 52 2UIFREES L OFREOH H

FINEAZ s U7z T 980, T2 583836 KO R U =7 A3 T1 58k MR g 251
filid™2 Z £12 X 0 5eeblkRE KORZERUIROYHEL FE Lz, S BICARMmEE
ACTH JEE 5 L O ACTH B4 M3 = VT — IR EE M4 1 BRI C 2 %5 5l
PR LTERI & sl e Lz (BB HEYEE: ACTH HIlER Mg =1L F Y —/L
JE <220 pg/dL, PNIRIMEMSE ACTH 2 < 36.0 pg/mL),

NIRIMEMAE ACTH JEEE >36.0 pg/mL, ACTH HIREFIMIE LT —/LIRFEDS >22.0
ng/dL & DUVNEA R U = A3ER T1 80 MR #ifg © PRI R S V355
P L Uiz, EERR2IIANTE 1,3,6 » A, TOMBIAET LICHM Lz,

2-2-T Rt AR ik
Atk Social Sciences Software (SPSS version 16.0J; SPSS Inc., Tokyo, Japan)

12



A L7z, Shapiro-Wilk #7EIZ CIERMEZ T L. Leven’s test {Z Tk 2wt
L. S0 TCH - T-85E1213 Student’s ttest (2T 2 BEf DL Z1T 72, P<0.05 %H
BAEAD SHE LT

IR H5 5041 Kaplan-Meier (2 T30 L7=, /AR SIS F AU 2 52
fi L COBIELET B ETOMIME Lz, A1FTH D\ IHIR BN B U7 fEF T2
DORGETITHEIY & ULz, 52RO JORTERUIBRER], FFIER] & HEFFAER] D
T (AR J U P/B value 1345 HARHE(RAE TR L7z, 4% Grade (2351 % PIB value, #
FEE TOHIM, LB L O A AR R TR LT,

2-3 FER

2-3-1 PR A T IR 2 Sl L 7= 2 » o v ZYRRRER @ Grade 43

7 2 TIRICKRTS DNEHEIR 2 v S LA B I =R o & — b ARRA R ok
BEL MRI 2855 L7= 37 BHOD 5 % 4 5% Grade 5B ()@ LTI Y | RIS FHRIADIER
lZ K % T HEAAREZ O TE YIRS Td % &Il St MMOTERITTESEIR ST,
L7228 o TARRRGE I s N Ee(RUIBRIT 4 5306 L 72 Grade 1- 4 IZJ& 9% 33JEMIIC
R 2L TR A T o7,

BIEFID 5 B 3IERIAS Grade 1A, 3 EFIS Grade 2A, 23 JiEfF7)S Grade 3A, 2 JEMHIAS
Grade 3B & LT 2 JiEfF7S Grade 4B |ZJE LTV /= (Table 2-2), Grade 1B, 2B 35 L TN4A
(T T DIEBN ARSI ORISR & 72 72 3T FEFNTIIAAE L2 hr o T2,

2-3-2 % Grade MIZ351F N W PRI O LLig

AT ZERHRFFS JOY ACTH I LTE = VT — /VIREEIZ B L T4 Grade I Z8H35
PRFETFRO B o 7= (Table 2-2), Grade 3 35 X U8 Grade 4 (ZJ& 9~ 2 JER O PN M.
5 ACTH JREEI IS B U (<36.0 pg/mL) & it L CrifiEa Rk L7z (Table 2-2), £7-.
TNERRIER D BRI S AVEB O Z2F R L OV ACTH I g = v —u
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TR 4 Grade [ CHEE 22513380 B - 7= (Table 2-3), & 5(24% Grade (28
T NI TE AT EIRR SRR IR & bl U Tz O Z28iREds LUV ACTH
FIA% 35 LT — VIR FE RS L OWIRIMESE ACTH JREEDBEE 72l A3788 B
oo —J7C. RFERUIBRE 72572 A FEFITIL, WAWFRIZREEERZ LS, FHIAIK
PEMIE ACTH JREEIZRBUWTUENZ L7z (Table 2-3),

2-3-3 Grade 4347 & PIB value D

Grade 1A O 2 JiEffil35 J U Grade 2A DOASEFIIZF5V VT P/B value <0.31mm™ TiH Y F
TARDIERITTBD LR D 2Tz, LLRA G, Grade 3 IZ/ET 5 25 JERID 5 Hod 24
JERIES O Grade 4 @ 2 JEf Tl P/B value >0.31 mm™ T 0 FI(ADIERAZED Hi
7z, S 51T 33 JERIH 6 JERF] (Grade 3A: 3/23 JiEfsi, Grade 3B: 1/2 Jitf51, Grade 4B 2/2 JiEf5)
Tl FHEEAR 10mm LLEDOEKIMECTH - 72, 4 Grade |Z331F 5 P/B value |3 Grade 1A,
HidfiE = 0.26 mm™ (range: 0.23-0.32 mm™); Grade 2A, H9iE = 0.28 mm™ (range: 0.24—
0.31 mm?); Grade 3A, #JfE = 0.43 mm? (range: 0.31-0.69 mm™); Grade 3B, FJfil =
0.63 mm (range: 0.55-0.71 mm™); Grade 4B, 4 =0.81 mm? (range: 0.78-0.83 mm™)
T o7, THEARE L UP/B value I35 EBIBROAER] & Hoft L TARERTIFROIES T
HEICEMZ7R LT (114 +4.1 versus 6.9 + 1.9 mm, P =0.001 35X} 0.68 + 0.20 versus
0.44 £0.13 mm™, P =0.004), F 7= R5ERUIBR & 72> 72 4 5EFIH 3 FERNL N EEMAE 10 mm
UbETHoTe, LNLRNG, SRHER] & BRI T ARSI LU PB value (IZI3AH
EZITER biviioTe (BAERT FEARR: 6.9 £ 1.9 mm 35K P/IB value : 042 +
0.13 mm, FEFRIER] F (A5 8.3+3.5mm L P/B value : 0.54 +0.12 mm™Y),

2-3-4 % Grade |31 5 5E2UIFRFER L OHHFEO L

RSB N EIARCIBRIT 2N I S 4072 33JERID 5 B 29 %] (87.9%) T FEEARIEZED
FERUIBRNATRE ChH o7, T 725, Grade 1A, Grade 2A 4% 3 JEf], Grade 3A ™ 23
SERH 22 FERFIFS J O Grade 3B 0 2 SESH 1AERIT F ARG T2 YR S 7,
L L7735 Grade 4B @ 2 SEBIIIAERUIERE 72 o7 (Table 2-4), Grade 1A, 2A B &
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U 3A IZIET D 29 JiEf]H 28 SiER] (96.6%) (233U T FHERIELOEEYIFRD L LS
Bz, LozL7eh3 5 Grade 3B 38 L U8 Grade 4B @ 4 S5 9 HFERUIBRN AIHETH
STHEBNX VIEBIDATH T,

51T, FEEYBRTH 72 29 FEFID 5 B 4 FEFITHFEDTED Lz (13.8%), Zi
B OREFNFFE IR T 7= Grade 3A @ 22 JERIH 3 SEFIRS L UY Grade 3B @ 1 JERIT
PO LT (Table 2-4),

W R E COMMOTIEIL8 » A (range: 3-12 » H) Th o7z, SEIEHIH, 5
SANBELS L, 25 DIEBI O AR O JuiiX 45 B (range: 16-1233 H) Th -
7oo EHIT Grade 23 ERDITHES T, AN ELS D Z ERHALMNE 20T
(Figure 2-2), XIGHEBI ORI BB O HF 0Ll 290 H (range: 14-2885 H) Toh -7z,

2-4 BE

AR Ol TR AN O MRS OB XA A TN 5 Z &1 L 5 FRAEE
DFEHIE L LT Knosp 23483 K UVHardy 23 380M# FH <4 Cuvd  (Knosp et al. 1993, Di
leva 2014), ZAL 5 OFITIREO PHEFHMIIZ HEEH STV 5 (Kim et al. 2009,
Ramm-Pettersen et al. 2011, Hong et al. 2013), FFE N EADIERIN &2 34 5 ETF v
¥ TIRERRBR OFHMEIR & 72 DIEFIOBRUIEE CThH D, > T, AR TIHEY:
SR CTHO BTN D FERREEOIRE PRV A S L LT BT 5 K
O T TR Y FREZ BT ER LT,

ARRFHC L 0 BRI B N ERAREIERIT O TR E A IS T 5 2 L8l & 7e o
2 RS FEAUIBNC & D IRREZ T 27 v o v ZIRRERO T EAEE 4
TIERRIT87.9% TH YV . FFEHRIT138% Th -7z, Grade 1A 35 LT Grade 2A IZET %
FEBNIASEREIRRES KOO Y A 7 1K) > 7203, SEFHLD e $ 26\ > Grade 3A Tl
RERUIRB I OEIEO Y A7 245 ZEBH BN o7, LU S Grade
1A-3A DIEGI 2RI H T RRAEIFRFTOmIS & L THEATGE, 7eabIFRERIT 96.6%
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(S L. FPEERIT10.7%IAK R L7z, Grade 3B ()& L7z 2 SERIIE L & ICARTERTER
HDVIIRRIZEREDTED bivle, WZIZ, Type A, Grade 1-3 DIEF 2 RIS F T 1
RO DO FIEIS & 32 Z LI D | BT A T ERARIERINC X 2 RAF7R T3
Rtk D 2 EavR Sz,

Grade 4B (ZJ& 9 25ER| TIIFERUIRIINEECTH 5 Z & bRIFHIRER Sz, T
B N HARGIERIN 2 323 2 BROMIEE OIFEHIFEF IS | D2 ITHRIT A O FHEA
RG2S T 0 Z EMEEL WD & R TERRERIE & 1 NS Willis EimoE & 1A
P38 T B3 T ARG~ ORI T 7' m —F 58 L <, FRT Willis Bk
SOMIMITBEEA L 725 Z ERNERTHDH EHB X2 HiLD,

Grade 3B LA_EDJERF] TIIRRSIEZE T HATIFRINIC X 21013 T ARG Ot &
725 2 EDMEER S L, IR ORI L 72D Z L b EDE TS V74— AR
Ay NETOMERH D EBEZBND, TS OREFITIIHINEE & LR
TR RN E 72 2000 LIVR, L L7Rs B, B SR 0D 42 By SRR
ISLEET 8 2 D3P ZAMH 2 DFEG| Tl 72 IBFINE LR DB RN B D, T, T
TEARNES 69 2 BN AR S S4172 2 £ 226 (Mariani et al. 2013), 1k
HIZIE N ERARIESH 63 2 HEHBRERE DO B RO AR &3 2 L3 ATRE L 705 =
EMTRIESID, —FH T, macroadenoma/macrocarcinoma (Zxf LT ¥ &2 EG-LT-
SER] CHEER DS T L7z 2 & 3RS 40T D (Nelson et al. 1989), Grade 3B LA LD
JERB TIE LT — V0 WHIHEER S L D BRI NEY Th 5 L B bD, ITHF
Mamelak et al. (2014) 2 & v #45 <417z high-definition video telescope Z{#H L7z F (R
GIEINIZ £ 0 TERAEGOEAG M OFHNS L VAL & 720 . Grade A3@EV ERIDTE
PUBREL N LT 508 L, & HICHAE ACTH FEAME FE(RIIE C B ER
HHEHE LTI~ MRAZF LTI R T ThDH/AV LATF RPEFHEBIZBOTFHAR
BS S DVNTTFIRB AT CTh o 1o 7 v & v ZIRBFIZIBWGEAI STV D,
L72h3o T, FERAOICITERE FAEII 30 C b RS2 BIRIERIC ARk LT,
R VAT ROZFARTEH % somatostatin receptor OIFEREEAIRSIH T He S\ =B REY L

FHRIEDNARE L 72500 LAV,
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At 9 B 4 JEHNIX Grade 5B IZ/HA S L, BRI FRIREIBRINOWIS/ CTd %
& MRI ZAe L7 BERE Tl L7z, Zauid Willis BhRiinTs L OVERRFRIRIA D4 & AL
(&0, iR LR O HIn Y 27 AFEFITENZ A TRIShZZ . ZLTH
P EDOREEIC X AR, & N U AMIEIC LAY A7 @2 EDMTRNC T
HENI=7-0Tdh 5 (Marino et al. 2014), Grade 5B DIEFID 5 b 1 IEFN TG
ZRATTDN, Ao 3FEBLRIRERIFAA D72 D F DB DIRFEII AR Th -7,

CT OEIFREIIREE S F RGBT OE DT v R~—27 23 i 5 Z L ICFH
THDH—J7. MRIZCT &L T= T A MofiFREICEN TV 2D, P/B value (3—
FAIZ CT 2 H L CERAIS L2723, MRI Z W CEHIIL T CT CTORIEHE L A E
ZEMIRNT ENRIE STV D (Auriemma et al. 2009), P/B value & A Grade 43%EI3AR
AW S22 AR TRESNABE TH D, PBvalue 23EEIZ72 51250 T Grade
m < 72508, [Fl—o PIBvalue T T HIEI— Grade IZHIZBT HERTIEZR, W2
(2. PIB value Z FHElGEHEDHIWH AT 2 Z LIFHNEECTH D, L L7235 Grade
1A B XU Grade 2A &8 72 6 SERIH 5 JEHIAY P/B value <0.31 OIEIFR T (A
ToHoT7eDI LT, Grade 3A Tid LAEFIZ R N9~ TOJEHT P/B value >0.31 ™
JER U7 TN Chh o 7o, MEDOME CIXEMFRITINERO FERIAESE TRV &
<. FRERIIIEAR L2 FEAIES TRV &3S S T3 (Hanson et al. 2007),
F 7206, Grade 3 LA EDJEFITIE S & b LIFEMD U X7 FFoTND Z EDVRIES
iz,

AR Cld Gradel B, Grade 2B 35 L O Grade 4A OIEFITE Ttz 1%
5< 2B Grade IR T DIEGNIFH TH D Z E B TRHISNDD, T TOIEHN %
LUK Grade 77 A EICHREE 72 H Z L 2 HRYE L, THbH O Grade $ 4 Grade 4344
(28T, Grade 1B, Grade 2B 35 J U Grade 4A OERITISE b <ARIEREETH S =
ERTFRENDD, ABRFFCIXZ DD Grade (2B T DIEFINTFLE L7e > T2 7%
DTAZITIAHATH D,
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2-5 /NFE

I TR Grade DHIEZBR LT Z L1280 BRI E T ERADIERTO

FoTEICRTEZ A ST LTz, 37205, Type A, Grade 1-3 ([ZJE 3 2 JERI Tl R4
TP CE ., RIS TRIRUIBRINC XL D 7 » o 0 ZIROIBIFRPHERE SN D,
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Table 2-1. Magnetic resonance imaging-based pituitary gland classification system in dogs with Cushing’s disease

Extending beyond Touching the optic Involvement of the arterial circle of
Touching the Occupationof  the
the dorsum sellae and chiasm and/or Willis or the cavernous sinus
interthalamic adhesion third ventricle

up to the third ventricle mammillary body _ +
Grade 1 - - - -
Grade 2 + - - -
Grade 3 + + - - Type A Type B
Grade 4 + + + -
Grade 5 + + + +

ACTH, adrenocorticotropic hormone
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Table 2-2. Grade distributions and clinical characteristics of 33 dogs with Cushing’s disease treated with transsphenoidal hypophysectomy

Case Male  Female Age Body weight P/B value Pre-cortisol Post-cortisol Basal ACTH
Grade Type
number (years) (kg) (mm™) (g/dL) (Mg/dL) (pg/mL)
A 3 2 1 8.7+20 121+50 0.27+£0.05 6.1+49 432+34 531
' B 0 - - - - - - - -
A 3 2 1 77+£16 13056 0.28+0.04 74+03 431+159 nd.
’ B 0 - - - - - - - -
A 23 14 9 84+21 10654 047+0.12 85+59 447+16.8 139.6+125.0
’ B 2 1 1 5000 145+10 063+0.11 13040 75651 8525+ 879.9
A 0 - - - - - - - -
* B 2 0 2 6.5+26 57+6.7 0.81+0.04 44+21 444+79 2145+516

Data are presented as means + standard deviations.

ACTH, adrenocorticotropic hormone, n.d., no data

P/B value, pituitary gland height divided by the cross-sectional area of the brain

Pre-cortisol, pre-operative serum basal cortisol concentration (Reference value range: 1.0-7.8 pg/dL)

Post-cortisol, pre-operative serum cortisol concentration at 60 min after the intravenous administration of 0.25 mg of synthetic ACTH
(Reference value: <22 ng/dL)

Basal ACTH, pre-operative basal plasma ACTH concentration (Reference value range: 5.0-36.0 pg/mL)
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Table 2-3. Hormone values in 33 dogs with Cushing’s disease treated with transsphenoidal hypophysectomy

Complete resection cases Incomplete resection cases
Pre-cortisol ~ Post-cortisol ~ Pre-operative  Post-operative | Pre-cortisol Post-cortisol ~ Pre-operative  Post-operative
Grace Type (ng/dL) (ng/dL) basal ACTH  basal ACTH (ng/dL) (ng/dL) basal ACTH  basal ACTH
(pg/mL) (pg/mL) (pg/mL) (pg/mL)
! A 04+03 81+89 531 10.9 — — — —
B — — — — — — — _
5 A 1.0+0.6 65+17 n.d. n.d. — — — —
B _ _ _ _ _ _ — _
3 A 1.7+20 78+58 1516 +1255 9.7+59 59 16.6 106 40.8
B 0.2 04 1474 94 9.3 20.6 231 56.7
4 A - - - - - - - -
B — — — — 115 28.8 2145+516 1255+159.1

Data are shown as means + standard deviations. n.d., no data

Pre-cortisol, post-operative serum basal cortisol concentration (Reference value range: 1.0-7.8 pg/dL)

Post-cortisol, post-operative serum cortisol concentration at 60 min after the intravenous administration of 0.25 mg of synthetic ACTH (Reference value: <22 pg/dL)
Pre-operative basal ACTH, pre-operative basal plasma ACTH concentration (Reference value range: 5.0-36.0 pg/mL)

Post-operative basal ACTH, post-operative basal plasma ACTH concentration (Reference value range: 5.0-36.0 pg/mL)
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Table 2-4. Complete resection and recurrence rate stratified according to magnetic resonance

imaging grade in 33 dogs with Cushing’s disease that underwent transsphenoidal hypophysectomy

Grade Type Complete resection rate Recurrence rate
A 3/3 0/3
1
B — —
A 3/3 0/3
2
B — —
A 22/23 3/22
3
B 12 1/1
A — —
4
B 02 -
Total 29/33 4129

Data are presented as numbers of cases.
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Type B

Grade 1 n.d. n.d.
Grade 2 n.d. n.d.
Grade 3

Grade 4 n.d. nd.

Grade 5 n.d. n.d.

Figure 2-1. Magnetic resonance imaging grade classification system for 37 dogs with Cushing’s
disease.

Arrowheads indicate the following anatomic features:

A Interthalamic adhesion, B: Optic chiasm, C: Pituitary gland, D: Dorsum sellae, E: Mammillary
body, F: Third ventricle, G: Arterial circle of Willis, H: Internal carotid artery and surrounding
cavernous sinus

n.d., no data
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Figure 2-2. Kaplan—Meier analysis of 33 dogs with Cushing’s disease that underwent
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transsphenoidal hypophysectomy according to grade. Three lines can be observed, because the

lines for Grade 1 and Grade 2 are overlapping.

24



3 E BERRKBLIO ACTH EAMETREAMRMEIZIITS bone morphogenetic
protein 4 33 X UF bone morphogenetic protein receptor OFEELIZBE3 5 kRt

31 S

7 TIROFRARIT e S TIEAFER 1,000,000 A2 2-3 A THDH—J5 (Etxabe et al.
1994, Lindholm et al. 2001) . K CIFAERT 1, 000 HEIZH & 1-2 BHOFRAHTH D (de Bruin
etal. 2008), 7 v ¥ v VYRITIR CTRARDEVWNTIEETH Y | TIRET VEMIE L
TORReEMEZ R > T D, RO TEFZOIT E A L1 ACTH PEAENE T IR
ThHNE FTIEEORERTTREFEED 7.1-150%Th 5 (Saeger et al. 2007,
Trouillas 2002),

Bone morphogenetic protein 4 (BMP4) |3 transforming growth factor- superfamily (ZJ& L
TWDEHEREMEDIVEA TH Y . FEROMFRTE AL EIZHEE L T D
(Davis et al. 2007), ~ 7 A FIEEAIER S ACTH FEAEREAZ A9 5 AT20 A& fEH L
7z invitro DR ACTH FEAAINED BMP4 27 /L1% ACTH DREAE, Milasrb.
AL 2495 2 & 23 ST % (Giacomini et al. 2006, Labeur et al. 2010,
Otsuka 2013), BMP4 > 7~ /L313 U #HIZ BMP4 7% Bone morphogenetic receptor (BMPR)
ILZHEA L7z, BMPRIA/BMPRIB % U (kL. ¥k T SMAD 178 SMAD4 &6
L T ACTH D43ibds L OMIRu b A 3ET9 2% (Labeur et al. 2010), = 512 BMP4 [XfH
B Y~ NAZF LT FarRovTF A LR, 7 ANT A Lo is ACTH EEANE
TEAEICEZEN TS 2 LI SN D m) FERIRIRFRER ORI O—E8I1Z B
LTCW5 Z ERHRE STV (Giacomini et al. 2006, Tsukamoto et al. 2010, Tsukamoto
et al. 2013), b FD FHE(ATIL, BMP4 1% ACTH FEASHIII S REIATRD B, D
PEAIOS0 S ACTH PEANE T RIRIESHRIC W T2 Z e iiE ST D
(Giacomini et al. 2006),

BMP4 > 7 /L iSHIaZ A % 7= 80121 E ACTH FEZERRIZ 451F 5 BMPR 1T OF8 B3
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HCTHD, LU D BMP4 150N BMPR I OFEF AR FHEAFS OV ACTH £
P HEARRIEEAR Z 31T D FEBUTHT 5 2N > TWHRLY,

ARREH AT R T RIS L O ACTH FEARME THAIRIEIZ 31T 5 BMP4 5 LY
BMPR /A, BMPR /B, BMPR Z/ mRNA OFBLA L% Z & LT BMP4 &7 )L
(ZHEE 72 BMP4 35 XU BMPRIL O ACTH FEAKIRUICISUT B & o /X7 B DOFEL A 60)%%
FHFR PN BN T 5 2 2 RV E LT,

3-2 MR KUtk

3-2-1 Quantitative PCR {2 ] L 7= AR I L O SLESH

Quantitative PCR (QPCR)(Zxf L C 588 (., 5 2 BEESME) D r v v ZIREER
O TFHEAFRERZ G Uz, BN U7 TR AR E i o ¥
—IZTT v v 7R Lo STRIBI A T ERIREIBRINIC L DAVEHER 2 2 1 T ER)
SIFTARRD 5 B A BEWER Y X —mEEE R KR EZT (KRE S,
25-1), A —F =L OFF R T TR A Uz, 7 v 3 v 79id ACTH HlEER,
BT RME R L OTRAEO MRIBEICTRRK LTZ (5523 2-22 7 v 79RO
PTEESIR), PG E N IRAREIEHT R E OB THEN I L7 (Meij etal. 1997),
YIBR L7z TRAIER I~~~ F U v - A VUl LOVACTH fafefefals T
T ACTH FEAMIIECH D Z L 2R L=, gPCRICMEH L7=7 v v JIREERD
i, REOTIYEIIZNEN 9.4 5% (range, 5-11 75%) . 12.5kg (range, 2.8-25.5kg) T
ofc, A br—/LL LTOPCR TIE3EH () O & — 7/ pliRD TSR A
I L7, 2 b0 FIAHRIA ML R S ORGE A G-, tho B TZEIES
NIZ RN BB LT (K85, 265-23), qPCR IZfEH L7z =22 b m—/L RO, 1K
FEOPRMIIZNEI L3R (range, 1-2 7%). 9.3Kg (range, 8.7-9.7kg) TH 7=,

3-2-2 SRR A RIRREH A L7z AR USSR
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PR AR o U C 12 B (ROBEATME 3 B, REATME 4 B, RESHEITH, £E5
KE250) D7 v TRRRERO TEASEMZ A Lz, BEhIEH Uz Tk
IR BRI 2 —I2 T v 2 795 Ll SRS B T RARTIRITIC &
DINHEIR &3 T TIEBI OAF DT THAZHERRD © 6, AP REWER
Z —fHEEBRITERE T, AT OFF A T ISR LT (KGR
5, 25-1), 7 v 7YRIE ACTH HITEGRER, B S EMATR L OV ERO MRI ik
TR LTz (BB 23 222 7w v ZIROZWHEESIR), RS T =AY X
WWEOHEIHENENE L= (Meij etal. 1997), BIER L7z FHRAEEI I~~~ FF U2 -
TV YIS LU ACTH S Y2 T3 T ACTH FEAEMEIRIE CH D = & 2R
L7o, Sk Uiz 2 » > o 7B R OFEM, REO P IfEITZN
Zi8.67% (range, 5-117%) . 9.1kg (range, 3.2-22.0kg) CTH 7=,

AGE LT 8 H (M4 5, HE4 B OE—2 VRO FRAHEKE AL, Zh
& O TR IAA MR B R OAGRZ AT, o> B TERIES IR HEREL
L7c (KGEE T, 265-23), Sl roRRa il L7z = > b o —/LVROF b, KEH
DOHRAEITZINZ L4 5% (range, 1-4 7%). 9.3kg (range, 8.6-10.1kg) T~ 7=,

3-2-3 BMP4, BMPRI A, BMPR IB, BMPRII mRNA @ gPCR

fEF RIS KOV v o o TR R DRI U 72 TEASHEARIT RNA ofit £ T
-80°C CLRAF L 7=, TRIREAGENT (Molecular Research Center, Inc. Ohio, USA) ZfiifH L
T RNA Ol 247V, iCycler (Bio-Rad Laboratories, Inc., Tokyo, Japan) (ZC Super Script
VILO cDNA Synthesis Kit (Life Technologies, California, USA) Z{#f L T RNA /5
cDNA |ZW#RE %247 >7-, Thermal Cycler Dice Real-time System MRQ (Takara Bio Inc.,
Shiga, Japan) (ZT gPCR SYBR Green ER gPCR SuperMix Universal (Life Technologies,
California, USA) %fiH] L T Real-time PCR %17 7-,BMP4, BMPRIA, BMPRIB, BMPRII
MRNA L~YUEA ACT B K Mk ERIC TR Lz, R L2774 ~—Bdli%

Table 3-1 |27~ 7,
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3-2-4 BMP4 33 X TN BMPRIl O " EH# ot
3-2-4-1 HHAkDOHE(H

73 VYRR R DRI U7 T RS L ONER FERAKERIT 4%/ 37 7+
VAT IVT B RIZT4C, ovemight THEEZITo 72, MFKIT T 7 0 AZEHEL 3um
JEIZHEEIE T -7, MREIRIIF LB LY ) —UTTH R T 7 0 VB LU
KFNEAT ST,

3-2-4-2 BMP4 3 J. O ACTH, thyroid-stimulating hormone (TSH) 0 — B e Sa e guta,
PURDIRTE(LIF0.0IM 7 = 8N 77— (pH5.6) ITIRIEL, A— F7 L—71CT
121°C, 10 SRS 2% Z Lzl Vi To7-, ZDO#%YI % 3% bovine serum albumin
(Nacalai Tesque, Inc., Kyoto, Japan) (ZC 1 =R TGS T R v ¥ &2 T o7,
—UHURIILL T OO L, 2FED 1 RUAZIES L 4°C, overnight |2 T &
W7z, 9725, polyclonal rabbit anti-human BMP4 (LifeSpan BioSciences, Inc., Washington,
USA, 1:100) & monoclonal mouse anti-ACTH (Dako, California, USA, 1:200) (Teshima et al.
2009) & % VM i& polyclonal rabbit anti-human BMP4 & monoclonal mouse anti-TSH
(Advanced Immuno Chemical Inc., California, USA, 1:100) (Teshima et al. 2009) #{&& LT
i L7z, RUWNT, F(ab’)2 fragment of goat anti-rabbit 1IgG H+L (Alexa Fluor 488, Life
Technologies, Oregon, USA, 1:200) 33X UM F(ab’)2 fragment of goat anti-mouse IgG H+L
(Alexa Fluor 594, Life Technologies, Oregon, USA, 1:200) #7EA L=RIET 1 BEOG S8
7=. EEDYeta X 4 6-diamidino-2-phenylindole, dihydrochloride (DAPI, Life Technologies,
Oregon, USA, 1:50,000) #{# M L7=, BMP4 Hi{KIZ R & OERZZEEDIMRFEE A TH D H D
M Uiz, BMP4 OfgPE= L s v — W3 B — 27 L RR OO R 2 L 72,

3-2-4-3 BMP 11 35 . OV ACTH, TSH, Growth hormone (GH), S100 ¢ it 5o s guts,
PUROIRIE(LIE 0.0IM 7 =g/ 77— (pH5.6) IZIFIEL . A— 7 L—712T

121°C. 10 53BN 2 Z LISk 01T o7, £D1%RE)r% 10% donkey serum (Sigma

Aldrich, Missouri, USA) (2T 1 KR CROS ST r v X 72 T o7, — KUK
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UUTFOLOEMHL, 2FHO 1 Ptk EIRA L 4°C, ovemight |2 TS SH 72, 72
5 polyclonal goat anti-BMPRII (Santa Cruz Biotechnology, Inc., Texas, USA, 1:200)
(Akiyoshi et al. 2004) 33 &2 TF monoclonal mouse anti-ACTH (Dako, California, USA, 1:200)
(Teshima et al. 2009) . monoclonal mouse anti-TSH (Advanced Immuno Chemical Inc.,
California, USA, 1:100) (Teshima et al. 2009) . polyclonal rabbit anti-GH (Dako, Tokyo, Japan,
1:400) (Murai et al. 2012), polyclonal rabbit anti-S100 (Dako, Glostrup, Denmark, 1:200)
(Chung et al. 2013), =%, BMPRII & ACTH %V I BMPRII & TSH DHISE —Hfh
P Yuth| 21X donkey anti-goat 19G H+L (Alexa Fluor 488, Life Technologies, Oregon, USA,
1:200) 3 L T* donkey anti-mouse 1gG H+L (Alexa Fluor 594, Abcam PLC, Cambridge, UK,
1:200) O RPUAZIRA L, SRS T LRGN S ¥ 72, 72, BMPRI & GH $ 5
UNE BMPRII & S100 gy — EEYL 213 donkey anti-goat 1gG H+L (Alexa Fluor 488,
Life technologies, Oregon, USA, 1:200) 33" donkey anti-rabbit 1I9G H+L (Alexa Fluor
594, Life technologies, Oregon, USA, 1:200) ® —IRHUAZIES L, FiEIZ T 1 BEREROG &
7=, BEDYsaZ1% DAPI (Life Technologies, Oregon, USA, 1:50000) %1{# L 7=, BMPR
I O—RGUKITR & DZFNEDMRFEFE 7+ T 2 b DZEAEM LTz, BMPRII D=
N B — /W3 ' — 7V EOR O B gk 2 L7,

3-2-4-4 BMP4 35 X U BMPR I [5 a2 DR A

DP70 camera (Olympus, Tokyo, Japan) (Z#%f¢ L 7= Olympus BX51 microscope Z-fiiH L
X400 DHEHZ CRHIiZAT 72, BEEAEET T 2 YR, 4 5 BEFOHE 2170 BMP4
AR Y L O BMPRIT /=R (Y HiRMERZE) 25 L7z, $72. S100 (&
BhtE 2o o U 7oA 2 e B e & L7z,

3-2-5 MR FHIRRA ik

FateFRIRE I Statistical Package for Social Sciences software version 16.0J (SPSS,
Tokyo, Japan) Zf#H L CfT-7=, Shapiro-Wilk #7EZ CIERMEA L. Leven’s test
ICTEBMEE G L, T X COT—Z P ESTH 7255729, Student’s t-test
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W2 T2 B D A 4T -7~ P<0.05 A EEA0 SHE L,

3R

3-3-1 R RIS LY ACTH PEAEME T I(RIRIEIZIS51T 5 BMP4, BMPRI A,
BMPRIB, BMPRII mRNA DF&HH L

gPCR D, ACTH EEAENE FE(ANIEIZISIT 5 BMP4 mRNA OFEEL T ER /¢ N
k&bl U CHBICIKEZ R Lz, LaxL72A35, BMPR /A, BMPR /B 3 X UYBMPR
IT mRNA (ZBI LT ACTH FEAEME M EE(RIRIE & (B MR & OICHEZITRO b
727 7= (Figure 3-1),

3-3-2 fEF R THRIRIZISIT 2 BMP4A DSfBifik 7588

ACTH SV Z381) 5 BMPA OFEE 7~ 25 72, BMP4 & ACTH D0t HR
FEYLEEAT o 1o, Z OFEF.BMP4 & ACTH % 3581 L T2l 338 H 413 BMP4
1% ACTH B ERIIEIZRELL TN ERA SN E e o7, (Figure 3-2A), F£7=, T
TERFHIEIZIBWTH AR BMP4A OFELTERD HivZeir-> 7z (Figure 3-3A), LrL
IRHG, FEAATHEICISV T BMPA BEMEIIEANHUR, S 41, —EaOGRE gL RE R,
F_TD BMP4 [5EHINEIE TSH BERia T 5 2 L B BN E 72> 7= (Figure 3-2B),
TSH BRI Z 31T % BMP4 (A% G113 51.37.3% Tdh - 72,

3-3-3 AR FHIARIZES T 5 BMPR I O S e kiR 5B

BMPR I Z3REGH 2 s AR S 5 B R O FIRARTEEICRB O CRO bz, Ll
D35, ACTH & D EHOGSE GO, BMPRIIZ ACTH G Elal Z FEHAGE
D HIR-oTC (Figure 3-4A), £/, PRHIZEIZBW TS BMPRIIOFEHRIIFED Hizp
737 (Figure 3-3B), GH XN TSH & BMPRII s — EfhiEdeta it i, BMPR
0 DOKERSTIE GH BHERIRRIZ (Figure 3-4B). 7= TSH BHERIRRIZ HEENITIEBDGR
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Hiv7z (Figure 3-4C), L7 L7Ze2d HiEAa 2R MAEICIZRENRO HRho T
(Figure 3-4D), GH 5 ds S ONTSH B MERIZ 351 5 BMPR IR I=RIZZ 4027,
94.7+3.6%35 L 1N 19.9452% TdH ¥ . BMPRI OFELT GH BPEMIIE CA B IS EEE /R~
L7z (P<0.001),

3-3-4 ACTH PEAME T IE(RIMIEIZH51T 5 BMP4 35 K OV BMPRII O —E syt

ACTH PEAERIIRAIEE L35 2 £12 L Y BMP4 35 L UONBMPR I OFBLC 884 KIF
TR 2 HHYT ACTH PEAEME FIRAIEEIZ IV T B RO 21T - 72, 20
i, BMP4 35 LUOVBMPRII & 12 ACTH FEAEM: FEE(ARIIEHIAEIZ 35\ CTHRELAGE
HiLeny-7= (Figure 3-5),

b k&R0 ROBIEIE FRADISRFCR O CIER FEAHERE) S ACTH FE
AR D A2 YIRS 5 Z ENREECTH H720, SO AT 2 1EF N
IREAREE & & B IR 2 fH 95, 2 O ACTH pEAME: T HR(AfE & [RIRFI ARG <4
7o FEAREFARRICIS T 2 BMP4 BEMHIIRE A i L 7o R, TSH IEMsiaic st %
BMP4 [5G H5HIER) A pR 00 T HEAHHAK Tl 51.3E7.3% ThH -7 DIZX L T, 7 v
U TIRMEER TIE 83 79%ICAEIME T LTWe, LarL722ay s, GH 5t
FJONTSH BtEfifal 361 2 BMPR I MS/fa=RICAE A2 TZR O Hi/an- 72 (Figure
3-6).

34 EBE

BMP4 (3t hOIER FEASHARICISWT ACTH Bl 30-5001Z 380388 &
D Z & DR IRRET CIH S n & 72> T D (Giacomini et al. 2006), — 5, A<
FRFHZBWTROER FTEMAHEHR ACTH BEMIEIZIsW T BMP4 (3380 LT,
BMP4 (X TSH Gl B GRO Hitle, Lo T, & M EROBIZIZ FERIKIZIST
% BMP4 OFBUZEMIRED RO HiLD Z E R bINE roT,
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WIZ BMP4 > 7 F /L SHIIENIZ A S 72 D12 BMP4 BSEANTRE AT 2% BIR8TH D
BMPR II D¥BLA fat L7555, BMPRIL S BMP4 & [FIRRIC ACTH Fifal 21 3788
70 HIVT . BMPRILIZ GH BatEfila & TSH BRI R BLSFRO Hivlz, S 61T
IRIVE L DFER « PUWNIAT > TOZRVS, TEEN TR 2 X 2 =7 —32 9 U2
H LTS EE STV DB (Denef 2008) (23517 % BMPRIL D381 %
Bt L7z & 24, BMPRIIOFEBUIFED HiLgei-7z, & hO TEKIZIHIT S5 BMPR
0 OFEBIARNTHRE ATV, #EFEO TIEE(RIZIVWC BMPRII 1% Gonadotroph
RO HILD Z ERHE SN TS (Faure et al. 2005), Wz 2 FIHE(AIZRIT 5 BMPR
I OFBUBI L THEMWIRZAEDMFET 2 Z LA LML e o7z,

b N ACTH FEEME FERIRIEIZ ISV T ACTH BRIl Z 3517 % BMP4 OF8E13 88
FIER T LTS Z L & T2 (Giacomini et al. 2006), & 512 AT 20 A#ffEiZ
FBWTH, BMP4, BMPRI A BLUBMPRIL X >/ B L TND T ERT TR
o7 my MZESTHLNE 75T % (Tsukamoto et al. 2010), W .12 ACTH FEAE
AR DREE LS BMP4 35 X UNBMPR I OFEHLU 582 NI F 3 mIREM: A B & L T ACTH
PEAEME T ARSI C 351 ) 5 BMP4 38 X T BMPRs M%§81% PCR 33 L UM/
TR T2 72,

Z OFER, BMP4 mRNA OIS PR & bl U C ACTH EEANE T (AR
BWTHEIZIK T LTV, BMPAMRNA OIX F72% ACTH BEAN: FRRAIME & IEH T
TAHRRR & OMIEDORE 2 L— 3 Y OBENNCE D L O TH D AN E 2 b7
., TR AR 21TV BMPA OFEBIR G L7z, Z ORI, et riin
SN T S TSH BRI 51T % BMP4 B HERIIR A B AR 2R L=, — 5.
BMPR ZZ mRNA DIEBUAE TR HIVT, Sk PRGN W T H R RR
O TR S e U T, ACTH PEAME FIE(RIRIE & & & ITH§H S L7 E PH O 1B T
TR Z 51T 5 GH BtERifads X ONTSH B ERIREIC 351 5 BMPR T ISP ERad A7
BATRD N>, PRI, B FEREORITIT FEKIZIIT 5 BMP4 OFEEL
AR EMFEZDFIET D b DD, 7 v 3 ZIRICHREEA Ul FEAHHERIZIB W T
BMP4 DFEBIAME T 5 & W) BIGUIBFG TRO LI, LNLRBL, ZORA =
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MIRHTH D, SHIT, ARFTIEREFRR L 7 > o TR R OFRIZZEN
BV | A TIIRIZIST D BMP 4 OFBUZE L 5-2 5 rReME b BET 20 E D &
HEEBEZHND,

Vv NAZF T TFTa T BEIOVTF A VBB RDT v o TIRICER ChoT- &
Wi X5 (Castillo et al. 2009, Castillo et al. 2011), /'~ b A X F o 7 7@+
AT AT RBEOVSV VAT RiL, RO ACTH /AN M R(RIER 2 [ L7z in
vitro OFRFHZISUVNT ACTH DFEAEZINHIL7- Z &3 E S Cuv4 (de Bruin et al.
2008), 77 v v TIRREERRIZH LT LA T R&#5- L7 invivo DREFHZI
TH ACTH e, R VF V) — U7 LT F= o KOV FRAEE A Xah
B S/ 2 L ST S (Castillo et al. 2011), Z DIz v o> 7
BRIZVTF A AR L7 a Tl TR A XORD D HE S Tns
(Castillo et al. 2009), AtT20 AMfEZAEH L7 Tk, b ORI O/EREFO 12
& LT BMP4 o 7 F )V OEEFRA RS X4 TV (Giacomini et al. 2006, Tsukamoto et al.
2010), LU HARMGT CORREZBEIZAND &, BMP4 (3RO ACTH FEANE
TG 5 2D OFEAOIEET & L COEEMITRANZ &R ST,

b N ACTH BEPERE, AfT20 fifads L OVR ACTH Bl 351F 5 BMP4 @
FEBUITPE /2B O DGR Hiie, S HIZBMPRIL § £72 KD ACTH BEMERIIRIZ I35
BDGRO LIV, TIVHOEMWIFEZED RIZIIT 5 7 v v v TIROEZEERIT)
L THEZLIZ L TCWANNIARHTH L8, 7 v o & @S RIORIET A RIZEB D
T ACTH DpEA: 24| LI /3 2 A 19~ 2 285 D BMPA 1 L O DZ AR TH
% BMPRIIDFETDFED LR & TR, F72, RET v TIROET IV
L L CTHERT 286, HHWITE MBI 2t L OYAT20 Az A L
B RIOMFT BB Z OB A A BIET 2 0EN S D Z L AVRIR STz,
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35 /INE

ACTH [FGMHMIiEiZ 35T 5 BMP4 35 X UOVBMPR I OFEU I3 AN GFET H 2 &0
D& oz, Tb b Ko R ACTH FhitHifnis L OV ACTH FE/EM: T
AREEIZIT BMP4 36 KON BMPR I OFELFED b oiz, DRIV~ NAZTF
T a Z ORI T DIERBEFEC BMP4 > 7 L&A Ui AER OB R 2
EDRBREINT, EBIZ, REV v v TIROETVEW & UCERT 5354, BMP4
(2B L TR ZAMEET D Z L 2 ZBEICAN D RETH D Z LHVRR ST,
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Table 3-1. Primer sequences.

Gene Sequence (5'—3") Length Melting
(bp) temperature ("C)
BMP4 For TAGCAAGAGCGCCGTCATC 19 66.5
Rev  GTTCTCTGGGATGCTGCTGAG 21 66.3
BMPRIA For GCAGACGTCGTTACAATCGTG 21 65.5
Rev  ATCTGCTTGGCGATAGTTCG 20 64.1
BMPRIB For AAGTTAGAGGAGCGGAGCAC 20 62.4
Rev  ACGCAAGATCTTTGGACGAG 20 64.2
BMPRII For GGCTGACTGGAAATAGACTGG 21 62.5
Rev TCACAGTCCCTCAGGTTCAC 20 62.9
GUS For CCTCCTGCCGTATTACCCTTG 21 66.4
Rev  TCTGGACGAAGTAACCCTTGG 21 65.1
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OControl

o0
1

® ACTH-secreting
pituitary adenoma

__
B o
1 1

o
1

0.8 1

nRNA levels (folds)

T 0.6

0.4 1

BMP4 BMPRIA BMPRIB BMPRII

Figure 3-1. mRNA expression levels of bone morphogenetic protein 4 (BMP4), bone
morphogenetic protein receptor (BMPR) 1A, IB, and Il in adrenocorticotropic hormone

(ACTH)-secreting pituitary adenomas. * P < 0.05 versus normal canine pituitaries.
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DAPI ACTH BMP4 merge

(A)

DAPI TSH BMP4 merge

(B)

Figure 3-2. Double immunofluorescence staining of (A) bone morphogenetic protein 4 (BMP4) and adrenocorticotropic hormone (ACTH), and (B) BMP4

and thyroid-stimulating hormone (TSH) in the normal canine anterior pituitary. Bar = 200 pm.
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DAPI ACTH BMP4 mer

¥

I/\
g

DAPI ACTH BMPRII merge

Figure 3-3. Double immunofluorescence staining of (A) bone morphogenetic protein 4 (BMP4) and adrenocorticotropic hormone (ACTH), and (B) bone

morphogenetic receptor Il (BMPRII) and ACTH in the normal canine intermediate pituitary. Bar =200 pm.
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ACTH BMPRII

DAPI GH BMPRII merge

(B)

BMPRII merge

S100 BMPRII

(D)

Figure 3-4. Double immunofluorescence staining of (A) bone morphogenetic protein receptor I
(BMPRII) and adrenocorticotropic hormone (ACTH), (B) BMPRII and growth hormone (GH),
(C) BMPRII and thyroid-stimulating hormone (TSH), and (D) BMPRII and S100 in the normal

canine anterior pituitary. Bar = 200 pm.
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DAPI ACTH BMP4 merge

~

DAPI ACTH BMPRII merg

o

r

Figure 3-5. Double immunofluorescence staining of (A) bone morphogenetic protein 4 (BMP4) and adrenocorticotropic hormone (ACTH), and (B) bone

morphogenetic receptor 11 (BMPRII) and ACTH in the ACTH-secreting pituitary adenoma. Bar =200 pm.
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,
20 *ok

BMP4 in thyrotroph cells ~ BMPRII in somatotroph cells BMPRII in thyrotroph cells

Figure 3-6. The positive cell ratios of bone morphogenetic protein 4 (BMP4) in thyrotroph cells,
bone morphogenetic protein receptor Il (BMPRII) in somatotroph cells, and BMPRII in the
thyrotroph cells surrounding the normal pituitary tissues obtained from resected adrenocorticotropic
hormone (ACTH)-secreting pituitary adenomas. ** P < 0.01 versus normal canine anterior

pituitaries.
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B4E BERRBIC ACTH EAMTREAREIZISIT S somatostatin receptor 2,
somatostatin receptor 5 33 X Ut dopamine D2 receptor DFEERIZ B9~ 5 5ok ERR R ORR ST

41 fES

7 2 TIROTERRITEREFHU S T b ERE & AR ZPIRHRIR SVEHER.
TETHRIGIR B EIRATRE TH 5, AN ISV N TIE ACTH REAME TS O H
INT v TIRIBROFE 8RR Ch 2 — 75, BUEBEF I RBW T D7 v v
Y IRREERIT BV m AL AR END AT — VIR L. BRAE
ROUEEAETT-> TV 5 (Peterson et al. 2001, Neiger et al. 2002, Baker et al. 2003, Braddock
et al. 2003, Alenza et al. 2006, Reine et al. 2007),

W, V= MAZFUTIu g T o VAT R, A7 FLVAF R FUud
FREBIORNI VT A=A N ThHLT0ES )V TTF o ALY 78 ACTH FEAE
P EAIYE B ARIZVER 2 ATREME & 2 364 & L CEE S 4172 (Pivonello et al. 2009,
Godbout et al. 2010, Mancini et al. 2010, Vilar et al. 2010, Ahmed et al. 2012, van der Pas et al.
2012, Murasawa et al. 2014)

V< b AZTF AT TIIUR M DO = 2 — 1 TR S VT TR
FARRIC 0 S A, ARV 2 (Growth hormone: GH) 2342 Z & 23 i< 416
TS, ZOM, {HEENHRAIECE DMl Th ARSI, BoeRAZ I H
A MY BEEUWE T U OTE 2 OIELE RVE > O EIIRIT 5, £1-FEigo 7
NN A SO D M D SIS I, A LAY LRI IVT) T D53 b
20 2 DT X ) WIHNOIRD Y~ N AZTFURIBMEZ X EbIIT ey v
TOENZLY VY~ N AKX T 28 LV~ N AKX T 14 035pEAE S5 (Cuevas-Ramos et
al. 2014), Somatostatin receptor (SSTR) (Zi% SSTR1-5 @ 5 FE HD Y7 ¥ A THIFET D
ZEMHBILTEY (Cuevas-Ramos et al. 2014), V7 % A 713U H Rioxt L TEAR
ST EFMEZ 773, Human SSTR (hSSTR) 1- 41XV~ s A X F > 14 |Z hSSTR5 11V~
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N A& T 28 1Tk LTt 2 9 (Patel et al. 1993), hSSTR1-5 @ 5 & hSSTR2
$ ZOVhSSTRE (ZI3A/VE » DREEAZIIHIT DAEHZAH Y . S HISHlaES 2R 1L S
HHEHZR > T D Z EShSSTR DFEH & LT S Cu% (Cuevas-Ramos et al.
2014),

F7 F AT REBLUT v AT RIZhSSTR 2 IZ@BifE%E 65, hSSTRIBL W
hSSTR5 (ZIZHFEE DB FMEAZFF-2A3, hSSTR1L 38 L TN hSSTR 4 IZIXfEA L7z
(Ben-Shlomo & Melmed 2008), — /. /Xy L AF K42 hLAF Rl LT,
hSSTRS, hSSTR1 36 JL UM hSSTR3 IZk[9 2 BN Z 24 40 15, 30 £5, 5 i TH D |
hSSTR2 (2%~ 2 BIFnEDS 2.5 &V (Brunsetal. 2002), T4, 7 A U AB L VEU 12
BWTY LA T RIEFIAREIS D D WILTFIRNRSAZZN Ch o 7ol 7 > o o Z5 R
BNk UCER A & 7= (Cuevas-Ramos et al. 2014), /33 L AF RTIRES N7 v v
JIRBETIL6 » Ak, Rl LT — L8 48%I8) L (Colaoetal. 2012), 4
(PP, (REORD I LOVEROEN M E L Z L3 S Tnsd  (Webb et
al. 2008, Colao et al. 2012), F7=7 v v ZIRMEERIZIBNTH /XU LAF RHACTH
DFEA, IR AVTF Y —U 7 LT F =i KOS A X2 S, BRARIERZ
UEESHE-Z R STV 5 (Castillo et al. 2011),

RN ATHUR M- FEASRIZISUWN TORUR MR == A PRI - & 5 M
TR BRI v s =a—a U TREAESN, EPRER XD FERAFINRT IR TR
& LTl &4, dopamine D2 receptor (DA2R) %41 L C FIE(RA/LE L D45k % FE
T2, KRS RN NTT 0 T 7 FUMHIAT-L LTIRUVMEZ b S, 7a T 7500y
WAHEI DR b EE RN T- £ B2 O TN D, FIAR FEN T mEwE & LT,
T2 DR FERAR /LT - DN b B ET 5,

RN T A= MIFHCT v T 7 F U pEARRIC T D1aR SR8 m<. B ho
70T I FUPEAME I L) U HHWNEIT BT ) T F U NERIROD S
RETpeoTND, RR=2 T A=A MIDARIZHEST 5 Z LI L W IERZRET 2,
bt b ACTH FEAERREAIIN DK 80%IZ1L DA2R MHBIT 5 Z & AHA S TEY
(Pivonello et al. 2004), & FD 7 v 2> ZIRICRT AR L HE SND L9 1Tk-o
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Too 70E7 Y 7F it FOFEBERR ACTH PEANE FEAIREIZRT L TR Th
LT EPHEISITERY , 7 eE s ) FF ORI E Y IO ACTH 23] 23
KPEHCTRRD B D b RIINZRIBEOSITDBIZ R 5D Z EBHE ST D (de
Bruinetal. 2009), #~/L3 VY 37 mEs U 7T L L C DAZR (2R3 2BIF0ME
DE <AFARDARWZ EXHMONTEY , v ) AZKY 3 5 HENEE L2
> 3 IR T 60%DAER] TR Al = LT — VNI L. 40%DSER]
TIHEF L L= Z E03#iE S Cuvd (Pivonello etal. 2004), = 52, -1l |z
£V 24 5 AMRIE L1277 v o v 795 Tl 20%DIER] CRES O D38 Bl
Z ERERE STV (Pivonello et al. 2009),

ZDEINCYZ NAZF T Tl BIORRI VT A=A NI v v TIRDIR
PIZIBNTE N TEERIH LN E RS> TND, LLRRG, ROIESR FERL X
O ACTH PEAEME T RRIAIRIEICI1T 2 26 OFEFIO/ERIER & 72 % SSTRs 8L
DA2R D4 2737 BHRBUTIA DL 725 TV, AREHE SSTRs DT b R /L
B WAHIVERICBEE S % SSTR2 38 LUV SSTR5, & LT DA2R Ofdkplk K FHE{AR
BEO ACTH FEAME FRAIRIEICISIT 5 2 27 B ORE & Stk 7 rI i 52
2T 52 L EE LT,

4-2 $BkR K UD5iE

4-2-1 HEARIS LORIGYED

14 58 (M 3TH, MRETME S UH, KE 4BA, BB 200) DU v L2 TIRRER) B
W N RAGIERINC & 0 i Lo FERSEA M L ThiatatTo 7, AREHIA
FAHREWIERE 2 —OMEEB R THGR I TR Y (KR 5 26-6), Mahofl
M LTz FERASHB IES O A—T— L D AGEEAGI2 b O 2 Uiz, Flinod b JHEl X
9% (range: 4-11 75%), REEO Yl 10.0 kg (range: 3.2-25.5kg) T -7z, 7 v
RO ACTH FIEEER, B OBESERER L MRIREIZ L V1To7 (25
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2-22 7 v v VIROBHHEESI), PR E TR EOWS L THE
i L7 (Meij et al. 1997), & RCR O N EEASKERRI LMD B AN X 0 L8 S 7o fdi ©
— VIR 6 51 (M 3FH. M 38) O TE(SHERZLEH L7z (kiR 5 S261-28), 4F
O IHEIL 16.8 » Hiln (range: 16-19 » ), ARE D H4LfEI X 9.8kg (range: 8.2-11.6kg)
Th-oT,

4-2-2 ACTH 35 L OV SSTR2, SSTR5, DAZR, o - Melanocyte-stimulating Hormone > — it
D el

4-2-2-1 FHRkOVE(

7 2 TR R L 7o T EER RS O B — 7 LR D DR L 72
IEH FTEAHRL 4% 37 7 4 /L AT LT B RICT4°C, overnight TEEZ1T -7, #l
BT T 7 4 ATEHEL 3um BICHEYZ T, AT LB LTy )
— TR T 7 4 B OFKIEITo 712,

4-2-2-2 SSTR2 3 LUV ACTH D B fAufr e th,

FUROBRIELIL 0.01IM 7 =88 7 7 — (pH5.6) A H] L 65°COD 7 4 — 2 —/3 2
T 1 EFIEA T2 Z &12 L W 1T o 7=, 5% goat serum (Dako, California, USA) % =£ili T 1
REFRARR IS ST v vy ¥ 72 T>7-, £ D%, polyclonal rabbit Anti-SSTR2
antibody - Extracellular domain (Abcam PLC, Cambridge, UK, 1:40) ¥ 427" monoclonal
mouse anti-ACTH (Dako, California, USA, 1:200) (Teshima et al. 2009) #i&& L 4°C,
overnight T—RHUREZ UG SH T2, ZIRPUAIT F@ab’)2 fragment of goat anti-rabbit 19G
H+L (Alexa Fluor 488, Life Technologies, Oregon, USA, 1:200) 35X * F(ab’)2 fragment of
goat anti-mouse IgG H+L (Alexa Fluor 594, Life Technologies, Oregon, USA, 1:200) % IE&
L=RIEC 1 BSOS S 87-, 47, 6-diamidino-2-phenylinodole, dihydrochloride (DAPI, Life
Technologies, Oregon, USA, 1:50,000) Z i LEZDYLaZAT o7, R R Ok
b= br—L & L, ARFUAD R HEOCIAD R 5T, Sl ieaTh
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EHFRE T D Z & 2T D 7o DR R R 0 T BEAHHAkFS K OB AR 2 FHV N Cli%
FEHURETH D 3, 3°- diaminobenzidine (DAB) Yt n4T - CF DYLtaME 2R L=
(Figure 4-1A),

4-2-2-3 SSTR5 5 L O ACTH Ot —E syt

PURDIRTE(LIZ 0.0IM 7 =g/ X 77— (pH5.6) 2 L 65 CO T 4 —& —/3Z
T 1R 5 = L1 Kk W iT 577, Block Ace (DS Pharma Biomedical Co.,Ltd, Osaka,
Japan) % =i C 1RO S 7 v v %0 7 %2175 7, £ D14, polyclonal rabbit
Anti-SSTR5 antibody (Antibodies, Georgia, USA, 1:100) # X T monoclonal mouse
anti-ACTH (Dako, California, USA, 1:200) (Teshima et al. 2009) %74 L 4°C, overnight C
— PR OGS 872, “IRPUARIT F(ab’)2 fragment of goat anti-rabbit IgG H+L (Alexa
Fluor 488, Life Technologies, Oregon, USA, 1:200) 3 X ¥ F(ab’)2 fragment of goat
anti-mouse IgG H+L (Alexa Fluor 594, Life Technologies, Oregon, USA, 1:200) Z7E& L=
BT 1 FRIG &7, 47, 6-diamidino-2-phenylinodole, dihydrochloride (DAPI, Life
Technologies, Oregon, USA, 1:50,000) %-fifi  LEZDYtaaAT o7, fEE R ORI A%
gttt hr—v L U AFUAD ORI DR 72 B3 Sl by i T
EHFTRE T D Z & 2§ 2 7o DR AR O T EEASHEAEFS L ORI R 2 VN Cl%
FPURETH D DAB Yot 247> CEOYet 2R L7 (Figure 4-1 B),

4-2-2-4 DA2R 35 L OV ACTH O by iYL th,

PURDIRTE(LIX 0.0IM 7 =g/ Xy 77— (pH5.6) ZfEHL 65CO T 4 —& —
AT 1RG5 = L1 &k W4T 7, Block Ace (DS Pharma Biomedical Co.,Ltd, Osaka,
Japan) Z=1EC 1 BRI OGS ST v v %0 7 24T 572, F D%, polyclonal rabbit
Anti-Dopamine D2 receptor antibody (Abcam PLC, Cambridge, UK, 1:100) i L Of
monoclonal mouse anti-ACTH (Dako, California, USA, 1:200) (Teshima et al. 2009) #i&5&
L 4°C, overnight T—IRHFUARZ Sz S H 72, ZIRGUAIE F(ab’)2 fragment of goat anti-rabbit
IgG H+L (Alexa Fluor 488, Life Technologies, Oregon, USA, 1:200) ¥ XY F(ab’)2
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fragment of goat anti-mouse 1gG H+L (Alexa Fluor 594, Life Technologies, Oregon, USA,
1:200) #i{RA L=EIR T 1 B KIS S ® 7=, 4, 6-diamidino-2-phenylinodole,
dihydrochloride (DAPI, Life Technologies, Oregon, USA, 1:50,000) % LEZDYLta%4T
STy BEEERROIMGEREZ s ha— b U, RFEDS RO DI b
T R LY T O FTRE TH 5 Z & il d 5 7 O R O N ISR
B L OKAHHAR 2 W TEERDURIE T D DAB Yetb AT - TE DY 2 iR LT-
(Figure 4-1 C),

4-2-2-5 o, - Melanocyte-stimulating Hormone 35 X UV ACTH o — B HO B Yu (4,

B % 3% bovine serum albumin (Nacalai Tesque, Inc., Kyoto, Japan) (2T 1 BFH=ET
RKinS® 7y X 7 %iTol-, £O% LA L LT polyclonal rabbit
Anti-Melanocyte-stimulating Hormone (Progen Biotechnik GmBH, Heiderberg, German,
1:800) & monoclonal mouse anti-ACTH (Dako, California, USA, 1:200) (Teshima et al. 2009)
ZiRA LT 4C, overnight (2 TRUG /72, ZIRHTUAIT F(ab’)2 fragment of goat anti-rabbit
IgG H+L (Alexa Fluor 488, Life Technologies, Oregon, USA, 1:200) ¥ XU F(ab’)2
fragment of goat anti-mouse 1gG H+L (Alexa Fluor 594, Life Technologies, Oregon, USA,
1:200) ZEA L=IR T 1 KEF KIS S 72, 4, 6-diamidino-2-phenylinodole,
dihydrochloride (DAPI, Life Technologies, Oregon, USA, 1:50,000) % Lz DYLtt %17

ST,

4-2-2-6 SSTR2, SSTR5 35 L OY DAZR iR H

DP70 camera (Olympus, Tokyo, Japan) (Z#f¢ L 7= Olympus BX51 microscope {5 L
T X400 |2 CHEBEABHT THGE 41T o7, 1IEH FEERIZHBU TR LS
P TAA 1000 {8l > ACTH Bt ERIa D8Iz 21TV N, ACTH BPE/IaIZIs1T % SSTR2,
SSTR5 35 L UF DAZR Gtk (A HEERA) 25 Uiz, E7=, ACTH /LM
EAIREIZIU T B IRBRIZ AR 1000 fHD ACTH BEMAIIIOBIZE ATV, A2 IK
DRI A FH L7, ACTH Bl 5 % SSTR2, SSTR5 & 51 N\d DA2R D
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BADNGRO HALHMIIEE 10%LL F oA 2N () o 10-15%D8%E %5505 (+)
50-80% D5 A BEME (++) . 80%LL FIFA A HlbE (+++) & L7,

4-2-3 P/B value OFH]

P/B value | i £ D24~ T, AZE virtual place software (Virtual Place®, AZE, Tokyo,
Japan) ZfEH LTH Y =7 Ak T1 @B 4 H L TiT>7 (Kooistra et al.
1997), P/Bvalue >0.31 mm? % FEEEDERA Y . P/B value <0.31 mm™ % FIEEKDME
KEEL & U CHEfi L7= (Kooistra et al. 1997),

4-3 FER

4-3-1 fEHFRCR TR ACTH B/l 331F 5 SSTR2, SSTR5 35 L U DA2R [l
BOEE

SSTR2, SSTR5 4 L U DAZR DFEEL I HR D N IEIARITHEIS KO RIEEDNTT ¢
WD HAIVZ, TS O ROFEEIIRTEED ML & boik L T HRHE Tt 4 R
L7z,

R R R O FRAARRTEE ACTH FHERIIICISIT 5 SSTR2, SSTR5 35 LU DA2R Btk
AT ENZ R 27.018.6%, 27.9+59%, 34.0E£94% Th o7, —HEFEHRDO T
MRPRFZED ACTH BHE 2351 % SSTR2, SSTRS 33 XU DA2R iR
NZHN 978+15%, 941+4.4%, 96.1+6.6% Tdh~7- (Table4-1, Figure 4-2, -3, -4),

4-3-2 ACTH PEAME TR J51T 5 SSTR2, SSTRS 46 LU DAZR D¥EH

SSTR2 13 14 SR 11 fiERI T, SSTRS (% 14 FEHH 12 fERI T, DA2R 13 14 fERIH 6
FEBI TR EA R LT, BEtEZ R LTZERID 9 5 SSTR2 Tl 4 JEfIAS, SSTRS TIE 7
JEFIS85E 2 7R L7225, DA2R Ciiifgtt 27~ L7CERI3RE80 Hiv/ei -~ 7- (Table 4-2,
Figure 4-5), SSTR2 33 LN SSTRS & &I Z5dkhit 27~ LTEBINE 4 SEBIERS Hiv, £ D
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9B 2 JEFIIE « - Melanocyte-stimulating Hormone (o -MSH) (2585 27~ 9P 3 sk
O ACTH M FR(AIIE Cdh 7= (Table 4-2, Figure 4-6), SSTR2 33 L TN SSTR5 (258
Bosk 73 EB o P/B value 0 HHR-E( 0.56 (range: 0.42-0.72) T ~7-, £7- P/B value
MPRE 2 DI, SSTR2 35 L TN SSTRE (TG AR HEBI A 2. DB 1A 5
7z (Table 4-2),

4-4 5

AR CIE SSTR2, SSTR5 33 & UV DA2R DA F RO RAEERS L O RIEEI R
FORBMEASIN LTz, WTHOZARZE L Th THAFTHER L OHRHIZE &
HITFHLHFRD HAL, SSTR2, SSTR5 35 L U DAZR IZF5: 27~ 9 Hikad 2 < 1 ACTH
B2 R T HIlR T H o 7o, BN 2 S 12 2D OZEEROFBUIN T i
TIHFITHRNZ ERHL N E o2, Y~ MAXF UL FERIRATEECIHSV T GH,
prolactin (PRL), TSH I3 X ONACTH Oz 5 2 &237 v & (GH, PRL), E b
(TSH), =72 AtT20 (ACTH) TSI/ ->TRY, EBIZY~ b AZF 3
JE AR S DERZ RS Z E R B L 725 T % (Cuevas-Ramos et al. 2014),
F72, SSTR2 / 7 70 b~ ATIE ACTH O3 N4 5 Z Lot SSTR2 14
ACTH D43 % i L T 5 AIREMEAV R S 41T 5723, SSTR2 &Ll L, SSTR5 T
X ACTH O3zl 3 D ERN L 0 58 & & 23 4TV %  (Hofland et al. 2005),
—J. B MIBWTIER e ACTH FEAMINL T DA2R IZ LYW ACTH D2 Ws i S 4L
TWAMNIAR w2 TRy (de Bruin etal. 2009), Aiat & 0 e RO TR
IZ331F B SSTR2, SSTR5 33 L N DAZR 73 ACTH Bl 23 W TRELL Tnb 2 b &
BT HE, ROTEEKIZIBT SSTR2, SSTR5 35 LUV DAZR (% ACTH DA s &
OSHIE 3 B 2 BEDEEE DS 8 2 SE A T do 2 ATREME DR S 47z,

ARRFHZ I TRD ACTH PEAEM: TEEIIEDZ < T SSTR2 36 LU SSTR5 2351
T ZERABNE IR, FT2, SSTR2 & Hife LT, SSTRS (2[5 & 7R3 HER D
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BENZNZ LB LMNE 72572, B b ACTH AN FRAIEIZERIT 5 hSSTR2 %5
FJ OVhSSTRS FAMHERIZZIEIL 75% TH D Z LB E ST 528 (Cuevas-Ramos et
al. 2014), MR 1) B BT hSSTR2 Tliddb 72 <. hSSTR5 TIlIZ W\ Z & ¢
WIS X4 TW % (de Bruin etal. 2009), Z#UE SSTR2 A3 /LT —/VIISEIC X V) %2
BRI ZBAROL T L X2 L— g AR5, SSTRS [dm /LT —
JVIIE DR S FIZ W Z EEER & L TEZ LTV 5 (de Bruinetal. 2009), L
IUZRDI S, RO ACTH PEANE T EEARIE A L7z in vitro ORETTIE, 731 2
P OTFIMC LY SSTR2ZNT v 7L X2l —a 52 ERHMESNTND (de
Bruin et al. 2008), AMFHIFV T, SSTR2 (Zxf L TRt & 7~ EBIELI L SSTRS (2B
PEE R IEGEL & i LT ey o 7e 2 e n . ARICEBT 28R m LT —
JVIIIELZ & % SSTR2 ~DIEAIL in vitro TOUG & X2 D ATREME L E 2 b, F
TS & Uiz 14 JEIH 7 JER T SSTRS 2852 R L7 Z & 7225 SSTRE (Zx9°%
SRR GRS AT ROSERIRAN AR 2R3 T REMED B 2 & AVRIR S,
TULZ v o TIRIERRITRIT 530 AT ROFMEIVR SN iEZ T AT 5
DT -7z (Castillo et al. 2011), £z, AREHIIWTREF RO N EAFHEEEICE
VT SSTR2 33 L ONSSTRS 23iifsBl Ak L= Z &6, HifEER kD ACTH PEAEM T
TARIESH K L COHBEDARMEN TR S 7225, SSTR2 & DU NE SSTRS (T LT
SRS R LTREBID 5 B o -MSH (2%t L TR 2= L7z HBER 0> ACTH FEAE
FEEARBEERX 2 JEFITH 0 | Do ACTH PEANE THRAIMEIXATEEH R TH -
7o @RS, Y~ R AZF LT 1 ZIE RIS CRIEER L O FZER S5 O ACTH
PEARME NEE(RIIEL 6 U TR Z R RIBEMEAVRIE ST, L L7236, SSTR2
& H\NE SSTRS DFEBLIFI b 2 NIFEHAGRD B AVIRVEBIFIET 272
ACTH FEAEME T AIRIE ORI SO CHRAIOE A & Mt 2 R S 5
EEZBIND,

—7J7C. DAZR (ZHRIGE 2 R I EBI IARGS TIIAFE L7222 72, 72, DAZR O
FEHNTEO BN DIEFNZIBNT S ACTH IR SIS 1T 2 Bt EsIIIEFIT D72 < 7
> ¥ TR RIZINT RN 7 A= MUBEBUGZ T RIREMED & 2SR X
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V= NAZF L L TORNZ R FRIESN, L LR ~ra ) A2 X
DIBRSNT= 7 v o v ZIRTRBRIZIN T 425% 0 E# G %7~k L, ACTH, a-MSH,
PR ANVTF =7 LT F =B LOEE A ADNFEICED L, &6 ha)
V)V TIRIR SIVTERI & Fig LT A~V =Y ATEUS LT RER IR AN I R
L7 Z EDNRE SN TS (Castillo et al. 2008), AHRFHIIBNT 14 JEFIT 6 JEH]
(42.9%) & BR L7= in vivo TOTRIFRSIGEE & [FIREEE DIEFHELICH90 b HERE D DAZR
BEMEARRLRDGRO DT Z L BB T 5 &, K DOIEGHIILIZ I TRELDFE
N WA THIRRRUSA IR S 02 LZavy, Los L7 HAREHIEH L
TOEBEUT A 70 < ABIEFEE RS L TR DT AT O WERHDH LB X BILD,
LU EDAERT B SMRHICHR L L7 T EEASHEARIZE LT SSTR2, SSTR5 36 L U'DA2R
DFPEREA TR 5 Z LITEETH L EBX DD, ZO DRIz R L
5. RNEEUIBRERRCHRESNCH LY~ NAXF LT Fa /L kR o7
= MINRREOBIUK & 72 0 152 ATREMEDS RIE S 4T,

4-5 /INFE

At &0 | RO FIRRIZIO T SSTR2, SSTR5 5 L TNDA2R 78 T HTE{ARTHE
BELORHIEED ACTH BAMAIIRICHILL TR0 | RIEECIInEE & ik L CphitksR
PIEFNZENZ LA BN E 2oz, £, ACTH pEANE FEAIEDZ < T SSTR2
FBLOSSTRS D3t~ L7=—F, DA2R IZHMEZ R TIERITAETH Y . D
PR HIE Ch o7z, LLEORER L0 | SVFHERIZ L 0 EROMG B2 > TIE
Bllckt42 ACTH PEANE FRAIYES % —7 > b & Uizl FRAAFERICL 57 ¥
DU TTROIRE AR BIET D8AITE, WEENRIN IR S 2O A AR 5 R &
ThdI ENpRgsigeG,
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Table 4-1. Expressions of somatostatin receptor (SSTR) 2 and 5 and dopamine D2 receptor

(DAZ2R) in the normal canine pituitary gland.

SSTR2 SSTR5 DAZR
Immunofluorescence-positive cell AL 27.0+£8.6 27.945.9 34.0£94
ratios in ACTH-positive cells (%) IL 97.8+15 94.1+4.4 96.1+6.6

ACTH, adrenocorticotropic hormone
AL, anterior lobe

IL, intermediate lobe
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Table 4-2. Expression of somatostatin receptor (SSTR) 2, SSTR5, and dopamine D2 receptor (DA2R) in canine adrenocorticotropic hormone

(ACTH)-secreting pituitary adenomas.

Case Breed Sex Age(y) BW (kg) P/B value (mm) Pituitary hormone SSTR2 SSTR5 DAZR
1 Cavalier King Charles Spaniel FS 7 6.8 0.30 ACTH + +++ -
2 Beagle M 1 116 031 ACTH - - -
3 Yorkshire Terrier MC 6 5.6 0.34 ACTH + ++ -
4 Pembroke Welsh Corgi F 4 11.2 0.37 ACTH - +++ -
5 Mongrel FS 10 152 0.37 ACTH + + +
6 French Bulldog M 9 85 041 ACTH + + +
7 Muiniature Dachshund F 9 80 042 ACTH +++ +++ +
8 Yorkshire Terrier FS 1 3.2 043 ACTH + +++ +
9 Pembroke Welsh Corgi MC 9 255 045 ACTH, o-MSH ++ +++ ++
10  Mongrel F 8 109 053 ACTH ++ ++ ;
11 Shiba FS 1 15.2 055 ACTH ++ ++ ;
12 Muiniature Dachshund M u 80 0.67 ACTH +++ +++ +
13 Beagle M 8 170 0.72 ACTH, a-MSH -+ +H+ -
14 French Bulldog FS 5 90 0.79 ACTH - - -

F, female; FS, female spayed; M, male; MC, male castrated; P/B value, pituitary/brain value; -, <10%; +, 10-50%; ++, 50-80%; +++, >80%
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Figure 4-1. (A) Immunohistochemical staining (DAB) of somatostatin receptor 2 (SSTR2) in the anterior and intermediate lobes of the normal canine
pituitary gland. Immunofluorescence (IF) and DAB of SSTR2 in the normal canine pancreas gland. (B) DAB of SSTR5 in the anterior and intermediate lobes
of the normal canine pituitary gland. IF and DAB of SSTR5 in the normal canine adrenal gland. (C) DAB of dopamine D2 receptor (DAZ2R) in the anterior

and intermediate lobes of the normal canine pituitary gland. IF and DAB of DA2R in the normal canine Cerebrum. Bar =200 pm
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ACTH SSTR2 Merge

Anterior lobe

Intermediate lobe

Figure 4-2. Double immunofluorescence staining of adrenocorticotrophic hormone (ACTH) and
somatostatin receptor (SSTR) 2 in the normal canine anterior and intermediate lobes of the pituitary

gland. Bar =200 pm
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ACTH SSTRS Merge

Anterior lobe

Intermediate lobe

Figure 4-3. Double immunofluorescence staining of adrenocorticotrophic hormone (ACTH) and
somatostatin receptor (SSTR) 5 in the normal canine anterior and intermediate lobes of the pituitary

gland. Bar =200 pm
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Anterior lobe

Intermediate lobe

Figure 4-4. Double immunofluorescence staining of adrenocorticotrophic hormone (ACTH) and
dopamine D2 receptor (DA2R) in the normal canine anterior and intermediate lobes of the pituitary

gland. Bar =200 pm
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Figure 4-5. Double immunofluorescence staining of adrenocorticotropic hormone
(ACTH) and somatostatin receptor (SSTR) 2 (Case 13), SSTR5 (Case 8), dopamine D2
receptor (DA2R) (Case 9) in the canine ACTH-secreting pituitary adenomas. Case

numbers refer to those shown in Table 4-2. Bar = 200 um
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ACTH a-MSH Merge

Figure 4-6. Double immunofluorescence staining of adrenocorticotropic hormone (ACTH) and

Case 9

Case 13

a-melanocyte stimulating hormone (o-MSH) in the canine ACTH-secreting pituitary adenomas.

Case numbers refer to those shown in Table 4-2. Bar =200 um
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BOE M

RIS BB RS RETLHEESE L IR THRESICEIE T 2N WIRB TH D . ZDFK) 80-85%73
ACTH PEAEME T HERIIE 2 R K & 32 T H AR FMERIE BOEREE TLEIE TH 5
(Feldman & Nelson 2004), W 2 (27 v > 79 & HIFEIN D AR BTN GIWIEBE TH 5
& [RIRHCERE N (SRR & L COME ZORERED, S BITARBORITET 5384
HRITAEM] 1,000 SHICH & 1286 TH Y (deBruinetal. 2008), b k& Hifged=2 &£ 1,000
BEWIAERTH D Z L IIFERNITHIRTR Y,

73 TIROEEDIRETEILE b CH—BHRTH 2 TS T o 5V IS T
THEMET DR AR FITC K D ACTH PEAME FEARIERZOUBRTH A 5, 28R 6,
b N CITIER FERAHMRZ IR L ACTH FEANE THRAIEDO A DRGNS ARETH 5
7o, FZ L0 NWRIETS L OSHZEN (SRWERZS & L C O ORI /HE
THY ., S OITIER FEAHEBEOEADFIRETH DO TH D,

HMERICBIT 57 v v ZIRIRIRORMER L LT, ARENEEONIZSHEIC MRI
XD TRIFEEOY A X0FHI S D Z L7 < VF Y — ViSRRI L 5
FHARDSBIAE SNV DIEBIENZ N2 KT BND, T2 BN IWRE S LTOM
R E EEAYTHI, FEENSIERZ & L COMRIFEER SN TR0,
RO ACTH FEAMNERDZ  IINVUIRIECH 5 = L 2N CH LN S
THY (Nelsonetal. 1989) ., {AEHIEEL LT MY v R& ATRESND LTV —L
SYWAIHIEEC X DIBRN L TH D EBZ LNDIERINZHTH L Z L ITFETH D,
EREE SRR 30 1 2 BUR DRGSR GIBRIN KRS O X 512 ACTH EEAM:
TG OH ORISR TH v | B FRAKERL S 5D 7206k & 72 5 72Dtk D
RIVE AHTRRE 2 AT 2 B D D, ZAUTERE FHIEI B\ W TRICAAR T
(T NRDIARFIRORG L 705 Z L35 <, BIEIZ baring 12 & > T 72FEF12/)N
SV BIEREL— T PR Z G T 5720 Th D, RIZBIT L7 v 7
D2 DVIVIIRIEToH 573, #9 15%IZIHEARS 10mm 2L EDOERIYERSFHET 2 Z L &
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Tz IXHIEFAICE L & TH D (Nelson et al. 1989), FHE, A BB EREY 4
— M ZIE MRI T &0 35 =M= O 5 T RIS 2 £ OREf732 < Ji
ZF oD, OSSN AR CRE AR 7256, UK M7 R A
JEHE LS, BERL, RAKINT, WS, DUBCREpRE, JHm, IR, heRhE),

~y R7 Ly 7 KB, BE SR Eomdeike 2 L, AmZBbh 5 LFEIR
IZQOL HE LK FEE5, & 5HIZ, macroadenoma/macrocarcinoma (Zxf LTI R ¥
> PG LT ER CHESEIR AT L7 Z &S E SN TR Y . LT Y — L 55ud
O HAZ X 0 RGO R DMIEE S5 TREME H R D 720 (Nelson et al.
1989), WpxIZ MRIIZ & DEifgaslia FEht3, IRROE—HIRE L TEGIZaLTF
=)V AT 5 2 L IERI A fERRIC S B ITRIBEMED B B,

DRUTEBOEERIZRIT D7 v ZRia e LTSNS Z 213, £ T4
B ORI I 2 £ 5 2 &, MRIC XK Y FERICEE) O SN HA
TRIBEFE T TR BIBRIN ORI FEEAS B b S AUl % DFEFI O TGO A X, T
REFHIRHEIC L0 TRIS N D 7ERUIRER, AR IR #H OBIRF I R ATRE & 72
5T & ETARHARICBWTRTERYIER & 72 o TERRO RS &2 LTCRERNS R LT
ACTH PEAME FRAEEICEREER T2 Y~ hAZF LT IR 7RI 7 3=
FAMETEL KDDL THD,

PE > TAMFZETIE, MRIZEE DUz ACTH FEANE FHRAAIRIED Grade /7%E1E % HiT-
(CIREET D 2 LI L0 R E T IRRGIS O BN M S EETS K OV T4 A
AMREIZT D Z & 25— HEME Lo, IZ, ACTH FEAM: N EAIRIE B IRIC/ERT %
TERFEINTND Y~ NAZF U T Fa RN R T A=A NOZFEKRTH
% SSTR2, SSTR5 5 L UNDAZR D ACTH FEAENE FEE(AIRIEIZ 31T D2 FBLA B ST
D2l Y= hRZF T I 0 T ORI O—ERICBEIEL TV D ST
% BMP435 L UNBMPR DO RO FEARIZISIT HHB A DT 52 L2 B E LT,

1. 7 v ZIRBERIZISIT % Magnetic resonance imaging (2253 V- iR E T
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AUIBRATEISEYEC BT A RET (5 2 )

Ahatid ACTH PEAEME TR OMEL MRI IZHSUW T Grade 7548 LRI
RGBT O FAEIG O FBITHEEZ I H 0 L, 20 Grade [IZH1F 5 T4
ZRALNCTHZ EEARE LT,

Grade 73 IIMEE OFHAIF J OVERMAITT mI~D RIS L OEMA~OHRERIZEE SN T
Grade 1- 5 D5 BT 21T - 72, 372> 5 Grade 1134475 288 2 72\ N FERAANESE, Grade
2 TS A B HEAOMENGED LD D, A I L OVEH 5 WIFHLFAK,
PR RIE~OEALDSTRD DR T IEAES, Grade 3 135 2B AN B LW H
2 W IFLEAAA~DORSR)STRD 512 DI BURTEIE~ O IR0 & 72w T IR,
Grade 4 |T#5 22, HARAXEB L WH D UVNITFLEAR, FURRIE~OBGF80 Hi
2 TEEESE, Grade 5 1355 =ik=s 4 HHL92 THEMIESG L Lz, S HICMEDOEZIA
Fa M 572912, Grade 1- 5 OFXTO Grade (ZxF LT, 512250 Type 1257
FLTz, 77005 Type Al T A /L AEIRER & 2 M IIERRFHIRIA D& XA D 72 I
RIS, Type B 137 A /L ARG & 2 WSRO AN & D T HREE &
L7z,

ACTH FEAEM: FTIRIMED 522 UIFRIT Grade 1A 35 XU Grade 2A (2533 E S 1724 3
JER, Grade 3A IZ/FEEILT- 23 JEBIF 22 JERFIRS J O Grade 3B I1Z/03H S 417z 2 SiEf
L EFICERR STz, Loy L7R73 D Grade 4B (253 E ST 2 JEBNI I RS20 & 72
o7z, £7z, Grade 5 (Z/A S NTIERN LRI N EAEIBRIT OGS TIXZew &4k
L. MOIERIFEDSR STz, RIS mEk Sz 29 JEHID 5 © 4 JERFIT
AL, 7T Grade3 IZ/B LTV,

LLEDFERMN S, 7 v v v TR RICR T 2855 T RARGIBRNL Type A,
Grade 1- 3 (ZJ& 3 DIEGITIXRAFR T C & BRI FEADIERITO&E)S Tdh
DT LAVRIEENTZ, LU 6, Type B, Grade 3 38 X Uf Grade 4 LA DSERI s
TEE FERADIFRITIZ L DARIGI T D 72V ATREMED VR S U7,
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2. BERHREB IO ACTH AN T ERAIVEIZIS 1T 5 Bone morphogenetic protein 4 33
X U¥ Bone morphogenetic protein receptor OFELUZEE T 5RET (38 3 E)

BMP4 | ACTH pEAERIIIZ I\ T ACTH OEA:, Hls b, IEEH L2 HI+ 5 = &
DIRAE X3 TV 5 (Giacomini et al. 2006, Labeur et al. 2010, Otuka 2013), = (2 BMP4
IR Y~ NAZFUTIa RV TF A VR, T ANVT A EVoT- ACTH &
AV T IR BB ER 95 2 L IR S D FAIOEFRSFFIC B E L T b 2 b
D3RS XU TV S (Giacomini et al. 2006, Tsukamoto et al. 2010, Tsukamoto et al. 2013), *F
IZY~ NREF U T I a s ThH N\ VAT N7 v oo ZIRERIZEB T ACTH
DFERE, JRPANTF YV —U 7 VT F = B KON BIRNER A X2 A8 s
722 LA ST D (Castillo et al. 2011), F7-. b~ FEMAHERE CIX BMP4 1%
ACTH PEAMINE ZFEBLSTRD B AL, £ ORI T ACTH PEAEME N IR IS0
T 9 2 2 ERHFESN TS (Giacomini et al. 2006),

ARREHE BMP4 1 L OV OZ AR TH % BMPR 1 3 L OVBMPR T O R RES LY
ACTH PEAEME FTEIAIEISH 1 2B A2 2 LA AL LT,

gPCR DfEH, BMP4 mMRNA |36 ROR T HE(R & Hofge LT ACTH PEANE T HEfA IR IE
IZBWCHERICIKEE R L= (P=0.03), L/7L72A%5, BMPR /A, BMPR /B BJL O}
BMPR /7 mRNA ORBUA EEITRED DAV o T, Bt By ORs s, i
RO N AR Z I T BMP4 1% TSH BERERICER B4 (51.3+7.3%), ACTH
BEMERIIRI I3RS B o7z, BMPRILIE FEAARRTEEDJAIICERD B, TSH Bk
AHIE (19.9:5.2%) I LT GH BHERMIE (94.723.6%) (ZF DIEBLINGRD H AV D3,
ACTH G ZIZGED DLl o Tz, [RERIC ACTH EEAME FER(AIEZICIN T
BMP4 13 OV BMPR 1113 ACTH B 4ABIIZFRD HiiehoTz, X 51T ACTH FEANE
TR &[RRI BRI S V2 IER N EASHERRO TSH SHSHIEC I 5 BMPA Btk
MR OFGIL 83E79% ThH V IEH FEMMHM & LR L ARICREL R L
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(P<0.001),

b AR IV T BMPA L ACTH BRI ISR B D Z L3 HRiE S
ALTHEY (Giacomini et al. 2006), AfRFHIIBW TR E B MO FEIKTIEL BMP4 DOFEHL
NG — ATEIFEEDFAET D Z R BN E 70Tz, SHITARRKGHZI L W RO T
{RIZF1F %5 BMPRIL OFBLHIIEAA 5700 & 7o o7, 2D BMPA IZBET 2 Eff =
(IRZE T v o U TIROBERET VW & L THERT AI58ICBET A& ThLH LE
XD, Flo, VY~ MREZTF 7T T ORIZET HEHETIZ BMP4 o 7 L%
It LT AER OBREME RN 2 & 05 Rie STz,

3. BEMRRI LV ACTH EAMTEMAMREIZIIT S somatostatin receptor 2,
somatostatin receptor 5 33 & U dopamine D2 receptor DFEUZBET 2 s iR a0mEt
(R4 F)

I, Y~ NAZF T T ZIl@g T o VAF R A7 RLAF R Fo LA
FRBIORRI T IA=A N THLTaE7 VTV TF v H ACTH
PEAEME FERARIRIE B ARIZVER T 2 mTEetin & 2341 & L CHlE S 7= (Pivonello et al.
2009, Godbout et al. 2010, Mancini et al. 2010, Vilar et al. 2010, Ahmed et al. 2012, van der
Pas et al. 2012, Murasawa et al. 2014), FiZ7 A U BB I ONEUIZEBWT, VY~ hAX T
YT Fu T O—FETH D8V VAT RIEFHRRNEIGRD DV NTTFIRAAZZ Th > 7opk
N7 o PRI L TR ST % (Cuevas-Ramos et al. 2014), £7-, RN
VT A=A RNTHLIINT) BT rES U TFF BN THE M ACTH
PEAEME T IRIRRRAE 259~ D IR S 40TV vD (de Bruin et al. 2009, Pivonello et
al. 2009),

ARFHIR D ACTH PEAEME FERAIRIEIC ST 5 SSTR 1-5 D 9 BA/LE 43k &
OV A BEhE3 % SSTR2, SSTR5 38 L TN DA2R D & L /X7 388 A Gk i)
WIZHABNZTHZ LR, Y RAZF T Ian 7 BIUNRAI T I=A D
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RIZHBT DERISHORTREM A RET 5 Z L2 HNE LT,

SSTR2, SSTR5 4 L U DAZR DL AR T EERIZISIT HFEBUTAITEE & b L CHfH]
FEZRBW T A 7R L7c, ACTH BEMEMIIEICIsiT 5 SSTR2, SSTRS F5 KT8 DA2R
BEPERIIEERIZE NI 27.028.6%, 27.9559%, 34.0+9.4% CTh -7z, —HHHEED
ACTH [z 31T % SSTR2, SSTR5 35 L UF DAZR [Pl EEh 24 97.8+
15%, 94.1+4.4%, 96.1+6.6% T o7z,

K> ACTH FEANE FRAMAAMEIZ IS\ T SSTR2 1 14 JEHI 11 SEFI T, SSTR5 1% 14
FEGIH 12 SEFI T, DAZR 1314 FEBIH 6 SEFI CTHE AR LTz, BathzoR LTSERID 5
© SSTR2 TiX 4 JEBIS, SSTRS Tid 7 SEFIA IR 2 7= L7243, DA2R THi5MEE R~
L7EBNGERD HiLen -7, F72 SSTR2 3L UNSSTRS & HITHRBEMEA 7R L7 AEf
(X4 FEED B, ZDH 5 2 fiEfFIE o -Melanocyte stimulating hormone (25 % 7~ 9
HfEER RO ACTH PEANE TERKIRIECH o 72,

AREET &LV ACTH PEANE FEAAIRIEZ &2 — 7 & LTz v o U TIROIGRZ 5
BT 556, RIZBWC Y~ hARZF U7 BINRRI T I=R MZxT 5
SRBOFBINE  DIEFICRRD LN Z EnD, ZNHDOIEAIN RO 7 v 7hH
IZBWTHANTHD AMREEIVRZ ST, L LR s, BRRBITHERT 25481
(THER PRI S AT 2 R&E Th D LB BILD,

AT BN THTUTE S LT Grade S3HIEIZHEANWT Y » 3 ZIRRER OFAfr
WIS 25 2 72355 Type A, Grade 1- 3, 372 ByEREIRINRS L O Willis Bkl
ABNR | P IRRIEEDMHARRIE ~EE L QO ZRWER CIIsea2blRgnm <, BiF
RTBRBHIFCE L Z LD LN 5T, —J5 Type B, Grade 3 LA EOJERITII5ER
TR 2D, TRROFEBIRE U THEBNERZEIRT 270 &2 WIIHE
W2 FE T D5 TS S 2 BRI & LI FI L 705 2 L 2ZBIC AN D LED B 5
Z DR ENT,

S BICARREHI B W GRIBTZE T IRAGIEINTIC L 0 it S v ACTH EAME Tk
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(R Z 35U T SSTR2 38 U SSTRS IS5 AR IEBIN LN 2 L SRITFIN
IRV &7z ACTH FEANE T EMANIIEICRT LC SSTR2, SSTR5 35 LU DA2R @
FEBL A S R TR TG L. ASERUIBRERR L OWRIERIH LT/~ FAZ T
YTITaTHDHNE NI T TR MO L HNERBE & o TRIFEEIE ) TR
fERTRE & 70 5 WREMEDVRE STz, AT20 Mzl L7oahcdlsnT Yy~ h A2 F
VT a S OVERBEFICBMPA S ST LD T v LR o L— g U STV D
D AWFFENER 2 BT 5 & RIZBWT, Y~ hAZF o7 7 OVEREFIC BMP4
OEIEMIHRNZ EDRB I NIz, 7 v VU TIROIERENIEF ITE N RIZBNT
ACTH AR ORI 3H3 % BMP4 O33R L O BMPRIT O%Hi2S ACTH
MBI S AN LT D Z EIIFERICBIRIR Y, LINLZRN S, TR RO v
TIROFEROE SIZEERRE L TV AIEIAATH Y | BROIBFIDNETHDL &
Bz bbb,
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I3 COITARITRAAT 5 1ZBR U CRARIRIE 72 DS L AMREE A 150 £ Lo, BAER
EAEMBL PR FERESM TR IR0 R D 2R LE T,

ATt U7 S BN 2 15 0 £ L7z, AABRE AR PR FERES R
FITEE 2 BOIAEREZ, REANAHEEER, S fathaih, shErHERBEL HORE
BRI B AR BI B R B OBEA R L E T,

FTAMITEZAT 9 IR L TRARZ RZREBN S, & THE . Box DEBLE 215 Y
F U7 AARBREAMBI PR FERIEMER P70 JEIREESdR, INMRERdR. KA
TEAHAT, HELSESEDNEL RAERE AR PR P EREME FITEE R,
HABREA AN ERY: BRESRERPIFZCE SRS EHEE, B FEEBA, HAERE
MR E R FERENR TSRS FURREPEEAN, LR WAl i seE
A FRBNAA IR N TZ L ET,

AT A BATT DI DT D ISR 1 &2 THE £ Uiz, /NEAR— 1, file
et RILFER A, MEHERS, Do e, HIEBEL PR, AR REDK
RICEL B OBEEZR LET,

HBIBICATIEZAT IR L, L 2o -8 7- BIR < L. R 2 BTV
Wiz LET,

67



22BN

Akiyoshi T, Uchida K., et al. (2004) Expression of bone morphogenetic protein-6 and bone
morphogenetic protein receptors in myoepithelial cells of canine mammary gland tumors. et

erinary pathology 41, 154-163

Ahmed A, Furgan S., et al. (2012) Disappearance of pituitary macro adenoma with combination
of ketoconazole and cabergoline treatment: an unusual case of Cushing's syndrome with

interesting findings. BMJ Case Reports doi: 10.1136

Alenza DP, Arenas C., et al. (2006) Long-term efficacy of trilostane administered twice daily in
dogs with pituitary dependent hyperadrenocorticism. Journal of the American Animal Hospital

Association 42, 269-276

Atkinson AB, Kennedy A., et al. (2005) Long-term remission rates after pituitary surgery for

Cushing’s disease: the need for long-term surveillance. Clinical endocrinology 63, 549-559

Auriemma E, Barthez PY., van der Vlugt-Meijer, R. H., et al. (2009) Computed tomography
and low-field magnetic resonance imaging of the pituitary gland in dogs with
pituitary-dependent hyperadrenocorticism: 11 cases (2001-2003). Journal of the American

\eterinary Medical Association 235, 409-414
Barker FG. 2nd, Klibanski A. & Swearingen B. (2003) Transsphenoidal surgery for pituitary
tumors in the United States, 1996-2000: mortality, morbidity, and the effects of hos- pital and

surgeon volume. Journal of Clinical Endocrinology and Metabolism 88, 4709-4719

Barneett AH, Livesey JH., et al. (1983) Comparison of preoperative and postoperative ACTH

68


http://www.ncbi.nlm.nih.gov/pubmed/22761217
http://www.ncbi.nlm.nih.gov/pubmed/22761217
http://www.ncbi.nlm.nih.gov/pubmed/22761217

concentrations after bilateral adrenalectomy in Cushing’s disease. Clinical endocrinology 18,

301-305

Baylin SB, Mendelsohn G. (1980) Ectopic (inappropriate) hormone production by tumors:

mechanisms involved and the biological and clinical implications. Endocrine reviews 1, 45-77

Ben-Shlomo A & Melmed S. (2008) Somatostatin agonist for treatment of acromegaly.

Molecular and Cellular Endocrinology 286, 192-198

Bertoy EH, Feldman EC., et al. (1996) One-year follow-up evaluation of magnetic resonance
imaging of the brain in dogs with pituitary-dependent hyperadrenocorticism. Journal of the

American \eterinary Medical Association. 15, 208, 1268-1273

Braddock JA, Church DB., (2003) Trilostane treatment in dogs with pituitary-dependent

hyperadrenocorticism. Australian veterinary journal 81, 600-607

Bruns C, Lewis I., et al. (2002) SOM230: a novel somatostatin peptidomimetic with broad
somatotropin release inhibiting factor (SRIF) receptor binding and a unique antisecretory profile.

European Journal of Endocrinology 146, 707-716

Castillo VA, Gomez NV, et al. (2008) Cushing’s disease in dogs: Cabergoline treatment.

Research in Veterinary Science 85, 26-34.

Castillo VA, Cabrera Blatter MF,, et al. (2009) Diurnal ACTH and plasma cortisol variations in

healthy dogs and in those with pituitary-dependent Cushing’s syndrome before and after

treatment with retinoic acid. Research in veterinary Science 86, 223-229.

69


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertoy%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=8635969
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feldman%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=8635969
http://www.ncbi.nlm.nih.gov/pubmed/?term=Castillo%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=17910968
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B3mez%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=17910968

Castillo V, Theodoropoulou M., et al. (2011) Effect of SOM230 (pasireotide) on corticotropic

cells: action in dogs with Cushing’s disease. Neuroendocrinology 94, 124-136

Chung CS, Fujita N., et al. (2013) A comparison of neurosphere differentiation potential of
canine bone marrow-derived mesenchymal stem cells and adipose-derived mesenchymal stem

cells. The Journal of veterinary medical science. 75, 879-886

Colao A, Petersenn S., et al. (2012) A 12-month phase 3 study of pasireotide in Cushing’s

disease. New England Journal of Medicine 366, 914-924

Cuevas-Ramos D, Fleseriu M., et al. (2014) Somatostatin receptor ligands and resistance to

treatment in pituitary adenomas. Journal of Molecular Endocrinology 52, R223-240

Davis SW, Camper SA. (2007) Noggin regulates Bmp4 activity during pituitary induction.
Developmental Biology 305, 145-160

de Bruin C, Hanson JM., et al. (2008) Expression and functional analysis of dopamine receptor
subtype 2 and somatostatin receptor subtypes in canine cushing’s disease. Endocrinology 149,

4357-4366
de Bruin C, Feelders RA., et al. (2009) Somatostatin and dopamine receptors as targets for
medical treatment of Cushing’s Syndrome. Reviews in endocrine & metabolic disorders 10,

91-102

Denef C. (2008) Paracrinicity: the story of 30 years of cellular pituitary crosstalk. J

Neuroendocrinology 20, 1-70

70


http://www.ncbi.nlm.nih.gov/pubmed/?term=Castillo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21525729
http://www.ncbi.nlm.nih.gov/pubmed/?term=Theodoropoulou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21525729
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cuevas-Ramos%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24647046
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fleseriu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24647046

Di leva A, Rotondo F, Syro LV, et al. (2014) Aggressive pituitary adenomas--diagnosis and

emerging treatments. Nature Reviews Endocrinology 10, 423-435

Etxabe J, Vazquez JA. (1994) Morbidity and mortality in Cushing’s disease: an epidemiological

approach. Clinical Endocrinology 40, 479-484

Faure MO, Nicol L., et al. (2005) BMP-4 inhibits follicle-stimulating hormone secretion in ewe

pituitary. The journal of endocrinology 186, 109-121

Feldman EC. & Nelson RW. (2004) Canine hyperadrenocorticism (Cushing’s syndrome). In:
Canine and feline endocrinology and reproduction. Eds E. C. Feldman and R. W. Nelson. W. B.

Saunders, Philadelphia. pp 252-357
Frank LA, Henry G A, Whittemore JC., et al. (2015) Serum cortisol concentrations in dogs with
pituitary-dependent hyperadrenocorticism and atypical hyperadrenocorticism.

Journal of \eterinary Internal Medicine 29, 193-199

Galac S, Kooistra HS., et al. (2005) Hyperadrenocorticism in a dog due to ectopic secretion of

adrenocorticotropic hormone. Domestic animal endocrinology 28, 338-348

Giacomini D, Paez-Pereda M., et al. (2006) Bone morphogenetic protein-4 control of pituitary

pathophysiology. Frontiers Hormone Research 35, 22-31

Giacomini D, Paez-Pereda M., et al. (2006) Bone morphogenetic protein-4 inhibits corticotroph

tumor cells: involvement in the retinoic acid inhibitory action. Endocrinology 147, 247-256

Godbout A, Manavela M., et al. (2010) Cabergoline monotherapy in the long-term treatment of

71



Cushing’s disease. European Journal of Endocrinology 163, 709-716

Goossens MM, Feldman E., et al. (1998) Efficacy of cobalt 60 radiotherapy in dogs with
pituitary-dependent hyperadrenocorticism. The journal of the American Veterinary Medical

Association 212, 374-376

Halmi NS, Peterson ME et al., et al. (1981) Pituitary intermediate lobe in dog: two cell types

and high bioactive anrenocorticotropin content. Science 211, 72-74

Hammer GD, Tyrrell JB., et al. (2004) Transsphenoidal microsurgery for Cushing's disease:
initial outcome and long-term results. The journal of clinical endocrinology and metabolism 89,

6348-6357

Hanson JM, van 't HM, Voorhout G., et al. (2005) Efficacy of transsphenoidal hypophysectomy
in treatment of dogs with pituitary-dependent hyperadrenocorticism. Journal of \eterinary

Internal Medicine 19, 687-694

Hanson JM, Teske E, MWoorhout G., et al. (2007) Prognostic factors for outcome after
transsphenoidal hypophysectomy in dogs with pituitary-dependent hyperadrenocorticism.

Journal of Neurosurgery 107, 830-840

Hara Y, Masuda H, Taoda T., et al. (2003) Prophylactic efficacy of desmopressin acetate for
diabetes insipidus after hypophysectomy in the dog. Journal of \eterinary Medical Science 65,
17-22

Hara Y, Teshima T, Taoda T. et al. (2010) Efficacy of transsphenoidal surgery on

endocrinological status and serum chemistry parameters in dogs with Cushing’s disease.

72


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hammer%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=15579802
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tyrrell%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=15579802
http://www.ncbi.nlm.nih.gov/pubmed/?term=Voorhout%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16231713

Journal of \eterinary Medical Science 72, 397-404

Hong JW, Ku CR, Kim SH., et al. (2013) Characteristics of acromegaly in Korea with a

literature review. Endocrinology and Metabolism (Seoul) 28, 164-168

Hofman BM, Hlavac M., et al. (2008) Long-term results after microsurgery for Cushing
disease: ecperience with 426 primary operation over 35 years. Journal of neurosurgery 108,

9-18

Hofland LJ, van der Hoek J., et al. (2005) The multi-ligand somatostatin analogue SOMZ230
inhibits ACTH secretion by cultured human corticotroph adenomas via somatostatin receptor

type 5. European Journal of Endocrinology 152, 645-654

Ishino H, Hara Y., et al. (2010) Hypophysectomy for a dog with coexisting Cushing’s disease

and diabetes mellitus The journal of veterinary medical science 27, 343-348

Isidori AM, Kaltsas GA., et al. (2006) Ectopic ACTH syndrome. Frontiers of hormone research
35, 143-156

Kasperlik-Zatuska AA, Nielubowicz J., et al. (1983) Nelson’s syndrome: incidence and

prognosis. Clinical endoclinology 19, 693-698

Kelly WF, MacFarlane IA., et al. (1983) Cushing’s disease treated by total adrenalectomy:

long-term observation of 43 patients. The Quarterly journal of medicine 52, 224-231

Kent MS, Bommarito D., et al. (2007) Survival, neurologic response, and prognostic factors in

dogs with pituitary masses treated with radiation therapy and untreated dogs. Journal of

73



veterinary internal medicine 21, 1027-1033

Kim MS, Jang HD, Kim OL. (2009) Surgical results of growth hormone-secreting pituitary

adenoma. Journal of Korean Neurosurgical Society 45, 271-274

Knosp E, Steiner E, Kitz K., et al. (1993) Pituitary adenomas with invasion of the cavernous
sinus space: a magnetic resonance imaging classification compared with surgical findings.

Neurosurgery 33, 610-617

Kooistra HS, MWoorhout G, Mol JA., et al. (1997) Correlation between impairment of
glucocorticoid feedback and the size of the pituitary gland in dogs with pituitary-dependent

hyperadrenocorticism. Journal of Endocrinology 152, 387-394

Labeur M, Paez-Pereda M. (2010) Pituitary tumors: cell type-specific roles for BMP-4.

Molecular and Cellular Endocrinology 326, 85-88

LeCouteur RA, Withrow SJ., et al. (2007) Yumors of the Nervous System. Small animal clinical
oncology. 4" ed, pp659-685

Lindholm J, Juul S, Jargensen JO., et al. (2001) Incidence and late prognosis of cushing’s
syndrome: a population-based study. The Journal of Clinical Endocrinology and Metabolism 86,

117-123.

Mahmound-Ahmed AS, Suh JH. (2002) Radiation therapy for Cushing’s disease: a review.

Pituitary 5, 175-180

Mamelak AN, Owen TJ. & Bruyette D. (2014) Transsphenoidal surgery using a high definition

74


http://www.ncbi.nlm.nih.gov/pubmed/?term=Steiner%20E%5BAuthor%5D&cauthor=true&cauthor_uid=8232800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kitz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8232800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matula%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8232800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mol%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9071959
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rijnberk%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9071959
http://www.ncbi.nlm.nih.gov/pubmed/?term=Owen%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=24467302
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruyette%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24467302

video telescope for pituitary adenomas in dogs with pituitary dependent hypercortisolism:

methods and results. \eterinary Surgery 43, 369-379

Mancini T, Porcelli T., et al. (2010) Treatment of Cushing disease: overview and recent findings.

Therapeutics and Clinical Risk Management 6, 505-516

Mariani CL, Schubert TA, House RA., et al. (2013) Frameless stereotactic radiosurgery for the
treatment of primary intracranial tumours in dogs. \eterinary and Comparative Oncology doi:

10.1111/vco.12056.

Marino DJ, Dewey CW, Loughin CA,, et al. (2014) Severe hyperthermia, hypernatremia, and
early postoperative death after transethmoidal cavitron ultrasonic surgical aspirator
(CUSA)-assisted diencephalic mass removal in 4 dogs and 2 cats. \eterinary Surgery 43,
888-894

Meij BP, Voorhout G, Van den Ingh TS., et al. (1997) Transsphenoidal hypophysectomy in

beagle dogs: evaluation of a microsurgical technique. Veterinary Surgery 26, 295-309

Meij BP, Voorhout G, Van den Ingh TS., et al. (1998) Results of transsphenoidal
hypophysectomy in 52 dogs with pituitary-dependent hyperadrenocorticism. Veterinary Surgery
27, 246-261

Murai A, Nishii N., et al. (2012) GH-producing mammary tumors in two dogs with acromegaly.

The Journal of veterinary medical science 4, 771-774

Murasawa S, Kageyama K., et al. (2014) Inhibitory effects of SOM230 on adrenocorticotropic

hormone production and corticotroph tumor cell proliferation in vitro and in vivo. Molecular

75



and Cellular Endocrinology 394, 37-46

Neiger R, Ramsey I., et al. (2002) Trilostane treatment of 78 dogs with pituitary-dependent

hyperadrenocorticism. The Veterinary record 150, 799-804

Nelson DH, Meakin JW.,, et al. (1960) ACTH-producing tumor of the pituitary gland. The New

England journal of medicine. 259, 161-164

Nelson RW, Ihle SL, Feldman EC. (1989) Pituitary macroadenomas and
macroadenocarcinomas in dogs treated with mitotane for pituitary-dependent
hyperadrenocorticism: 13 cases (1981-1986). Journal of the American \eterinary Medical
Association 194, 1612-1617

Otsuka F. (2013) Multifunctional bone morphogenetic protein system in endocrinology. Acta

Medica Okayama. 67, 75-86.
Patel YC, Greenwood MT,, et al. (1993) Multiple gene transcripts of the somatostatin receptor
SSTR2: tissue active distribution and cAMp regulation. Biochemical and Biophysical Research

Communications 192, 288-294

Pereira MA, Halpern A, et al. (1998) A study of patients with Nelson’s syndrome. Clinical

endocrinology 49, 533-539

Peterson ME, Krieger DT., et al. (1982) Immunocytochemical study of the hypophysis in 25

dogs with pituitary-dependent hyperadrenocorticism Acta endocrinologica 101, 15-24

Peterson ME. (2001) Medical treatment of canine pituitary-dependent hyperadrenocorticism

76



(Cushing’s syndrome). The veterinary clinics of North America. Small animal practice. 31,

1005-1014

Pivonello R, Ferone D., et al. (2004) Dopamine receptor expression and function in corticotroph

pituitary tumors. The Journal of Clinical Endocrinology and Metabolism 89, 2452-2462

Pivonello R, De Martino MC., et al. (2009) The medical treatment of Cushing’s disease:
effectiveness of chronic treatment with the dopamine agonist cabergoline in patients
unsuccessfully treated by surgery. The Journal of Clinical Endocrinology and Metabolism 94,

223-230

Ramm-Pettersen D, Berg-Johnsen J, Hol PK., et al. (2011) Intro-operative MRI facilitates
tumour resection during trans-sphenoidal surgery for pituitary adenomas. Acta Neurochirurgica

153, 1367-1373

Reine NJ. (2007) Medical management of pituitary-dependent hyperadrenocorticism: mitotane

versus trilostane. Clinical techniques in small animal practice 22, 18-25

Rijnberk A, der Kinderen PJ., et al. (1968) Spontaneous hyperadrenocorticism in the dog. The

Journal of Endocrinology 41, 397406

Saeger W, Lidecke DK., et al. (2007) Pathohistological classification of pituitary tumors: 10
years of experience with the German Pituitary Tumor Registry. European Journal of

Endocrinology 156, 203-216

Shimon I, Ram Z., et al. (2002) Transsphenoidal surgery for Cushing’s disease:

endocrinological follow-up monitoring of 82 patients. Neurosurgery 51, 57-61

77



Taoda T, Hara Y., et al. (2011) Magnetic resonance imaging assessment of pituitary posterior
lobe displacement in dogs with pituitary-dependent hyperadrenocorticism. The journal of

veterinary medical science 73, 725-731

Teramoto A. (2001) Diagnosis and treatment of Cushing’s disease. Japanese journal of

neurosurgery 10, 86-91

Teshima T, Hara Y., et al. (2008) Cushing’s disease complicated thrombosis in a dog. The

journal of veterinary medical science 70, 487-491

Teshima T, Hara Y., et al. (2009) Coexistence of corticotroph adenoma and thyrotroph

hyperplasia in a dog. The Journal of veterinary medical science 71, 93-98

Thomas CG Jr, Smith AT., et al. (1984) Nelson’s syndrome after Cushing’s disease in

childhood: a continuing problem. Surgery 96, 1067-1077

Thomas JP, Hall R. (1983) Medical management of pituitary disease. Clinics in endocrinology

and metabolism 12, 771-788Tho

Trouillas J. (2002) Pathology and pathogenesis of pituitary corticotroph adenoma.

Neurochirurgie 48, 149-162

Tsukamoto N, Otsuka F., et al. (2010) Effects of bone morphogenetic protein (BMP) on

adrenocorticotropin production by pituitary corticotrope cells: involvement of up-regulation of

BMP receptor signaling by somatostatin analogs. Endocrinology 51, 1129-1141

78


http://www.ncbi.nlm.nih.gov/pubmed/?term=Taoda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21233596
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hara%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21233596

Tsukamoto N, Otsuka F, et al. (2013) Melatonin receptor activation suppresses
adrenocorticotropin production via BMP-4 action by pituitary AtT20 cells. Molecular and Cell

ular Endocrinology 375, 1-9

Vance ML. (2005) Pituitary radiotherapy. Endocrinology and metabolism clinics of North
America 34, 479-487

van der Pas R, de Herder WW,, et al. (2012) New developments in the medical treatment of

Cushing's syndrome. Endocrine-Related Cancer 19, R205-R223

Vilar L, Naves LA, et al. (2010) Effectiveness of cabergoline in monotherapy and cobbined

with ketoconazole in the management of Cushing’s disease. Pituitary 13, 123-129

Wajchenberg BL, Mendonca BB., et al. (1994) Ectopic adrenocorticotropic hormone syndrome.

Endocrine reviews 15, 752-787

Webb SM, Badia X., et al. (2008) Evaluation of health-related quality of life in patients with

Cushing’ssyndrome with a new questionnaire. European Journal of Endocrinology 158,

623-630

79


http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Pas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22936543
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Herder%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=22936543

