27

Bull. Natl. Inst. Health 5ci.,

115, 27-39 (1997)

Reviews

MIfERMIZBIT 5 ¢ PRERIVE YV SEE L NV ORIEERE BT 5078

TR FEEAT

Modulations of human growth hormone receptor level on the cell surface

Yoshiro Saito*

Using a monoclonal antibody (GHRP2-88) raised against the extracellular portion of human growth hor-
mone receptor (hGHR), the mechanisms on modulations of cellular levels of hGHR were investigated in
human IM-9 cells. Upon stimulation with human growth hormone (hGH), hGHRs on the cell surface are
down-regulated through internalization and degradation of hGHR. For hGHR internalization, hGH-
mediated dimerization of hGHRs, but not staurosporine-sensitive phosphorylation is required. For hGHR
degradation, however, staurosporine-sensitive phosphorylation is necessary. In the absence of hGH,
hGHRs on the cell surface are cleaved to release human growth hormone-binding proteins (hGH-BPs),
probably by a metalloprotease. In the presence of hGH, the hGH-BP release was rather decreased based
on the reduction in cell surface hGHRs. Thus, the cell surface level of hGHR may be regulated post-
translationally by the two mechanisms depending on the external hGH levels.
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FAALY, B50MHL D RBMMBHN AL IZE DR ER
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/70y MEIZEDHEEDS, GHR O4F=iE, 110-130
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OERIE, EAME EO hGHR ICHEET LI EI2E ) B
il‘”éﬂ%f)‘, ZOBE, YA FTHABhGHL 53T L,
hGHR i 2 0 F#563 %5 Z &£ 4%, hGH & hGHR D#lllast K
AL CEALO X BEBBERTEICLVHE N, SR
727, %7z, hGHR RHHfgs FA A YD 27 4 5%
HOMNE, BLUHRIFA AL P HOMMBEER X 1~
S B Trp-Ser-X-Trp-Ser (hGHR T Tyr-Gly-Glu-Phe
Ser) LW EFOIBEHNS, T4 b HA VZEED R
== T7 7 ) =B EI N TN B,

GH e OMRa IS mE DT & LTid, %4, protein
kinase C ME5-ARIE S LT W22 La L, 19934E 12 Ar-
getsinger 52 & 9, GHIERHIcF L ) ‘/Eﬁﬂ.’ﬁ?%ﬁ JAK
2HEE L, GHREIZE D JAK2PGHR IZ&ET A Z &
IR E N, BE, GHAEC X b, GHR ﬁj‘?@ =)
MIMaBERE I H B 70 VIZEGHEBICARA L2 JAK 2 A8
G L E T, Z D' signal transducer and activator of
transcription (STAT) ZF® 9 5, STAT-1,3,50WTh

XITEHEERLL, T oo STAT 5F205F € 2 2F
FoR@3ATU2ERT TR L TE~NBITL, BET0EE
EEEAETDEV) AF—LHEZ LN TWAEDY,

STERED LI, GHOEMIZ, EiWHif £ o GHR
WHETAZ LWL NEKBIN, FOERISMENN G
EIND, 1o T, MIEERMD GHR #i, GH OfEH S
BIBWIEELRRFTHELEEZ NS, GHR Tit, GH
FIHIZ & D GHR 2S#a 4T (internalize) L, HFEZRME
»o—EREEHEET A2 L (downregulation) 7%, & b IM
-9k 7 v MRS TSN TV, Z 0 down
-regulation i3, JEFE® GHR L~ % Hif L T v 516
D12, FZYF Y FTHLCGHAFHBL TV 2HHETH
bEZZ LI, ML GH B L TRENIKIGT 5 2
EERFNTWR D EHEEENA, LaL, MEBBNIcELT
L 7= GHR @3Edy, KU down-regulation D A H = ALz &
WWEALTIEEHLMIEINTE ST, ORI TOMETIC
HLTH#EATWEP>72. ZOHBO—2E LT, GHR
ZA L/ 70y METERTE 56, 7 FoZERE
T B5H02HBCT, BTV RPoLZENHITS
Nob., ZZTHRMFEOHWTH A, b MBI 2 HkER
@ GHR L~V Dl OB O 72812, F 3 hGHR 12
w4 HES 7 a—FuPifk (MAb) OFREEIT- 129, #
DLET, & b rSEREREMN IM-9 2 FWY, hGHIZ &
% hGHR @ down-regulation ® X 1 = X L & AT L 729, IM
-9 M3, hGHR % A LFMICRT T RE L BRI T
Wbk, WGHAREWERT 2705 75 257K
ERBL TR WI L, KM RMET hGH KTERY 2 #45H
REZRT D6, RRICHREE I, Kl
I BHIRAMETH 0, gGC 2 EET S, &b, HEHELHINR
BT, BMIFIZGHR DL EIL TnAE 2 &2 HE

ENRTWBY,

—J, WHEEO GHR THLMENNVE VEEEB (GH
Bma;w%@mv%$m¢m%@ﬁﬁﬁﬁ%ént%
BT, BETIE, 3L ACOFHREBY CTFOELEIHRE S
w0, ;0)')% t MRS VE A EB (hGH
-BP) (&, IEH Y PIAHIZH InM DRETHEL TS
D, £®hGH (233 5 FAE I, H5x10°M!, 5T =
13#960 kDa Td 5, ZFoAEFEEM E LTIE, invivo D
FC, i hGH OFREIIH], 2 EHI5E 2 & 5 hGH D
WHEARE IR AN B EN OB IRE STV %Y —7,
invitro R T, A GBI A RO hGH DR AHHIER
PHESNTB YT, AEPMIZBIT % hGH 1EH O il %
Z25FTEELRRFTH A, GH-BP OAERBHEE LT
i, v P BLUT Y AT, GHR EZEZFH 5 alternative
splicing 12 £ W %3 51.2-1.5kb ® mRNA 2 GH-BP % =
= FLTWAIZEFMLNTVAESY, —F b Tl
hGHR % 2— F3° % mRNA £ ) &4\ mRNA iZ WA &
NTWBELOD, £ 5D mRNA A hGH-BP % 2 —
FLTWA EWIFESRE, RENTwhho72¥, Zhb
DOHIR X ), hGH-BP it hGHR DYIWFIZ & b 413 5 W hg
Mz bz, La L, hGH-BP A % 4T L9 % in vi-
tro RIERWAZSINTESLT, FOEBEBRMIIMHINT
Whhpolz,

AIFRIZBWT, FE 51, hGHR OB RE% fRiTT 58
BT, IM-9MFEA hGH-BP 24535 Z & # MO TRW
72U 7. MBI IZ B 1) 5 hGHR L X)L o Hll i #E4E % 7
H+2ET, ZOhGHBP DEKEDEZBICANTHNTT S
CENWLETHLEEZ, FOEFBEOMBRELIT -
A

1. HhGHR XZF K MAb D%

ARIFFERIELLATIZ, T v b GHR 12359 % MAb(MAb263,
HMIBEAE K A 4 &) 2%, & b GHR kARG %R
L, ZORELRES L UREMREBICERLY 52 Lid
EINTHL®S UL, 1470y MECHEHL
) BPIRRHRE S R T o, FITANETIEE
T, Ahs 70y MEANOEMEZERN L LT, hGHR ®
MRS R X 4 o _RTF Fizxt35 MAb 2508 L, Z 05
LW B %272, hGHR DMIFast F 2 4 ¥ ek EDER
4N EY, FNFRLONTSF R (GHRPL : N R
& 9 30-475%3%, GHRP 2 © N K & 1 41-605% 3%, GHRP 3 :

N &K & 1) 70-895%2E, GHRP4 : N kK & ) 203-221%%3%)
rEBL, chEFy ) 7—&E GFMETVTIV) E
BESE, INHOXRTFFEGIERE LT, MAb %
AT H20RONA 7Y F—<2#IT L. T020HD
MAb @ 9 %, 4fEH D3R (GHRP 1-174, GHRP 2 -88, GHRP

2-179% TF GHRP 3 -56) %%, ELISA (enzyme-linked immuno-
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Fig. 1. Immunoblotting of crude membrane fractions from IM-9 cells using anti-hGHR monoclonal antibodies. The crude membrane fraction from hu-
man IM-9 cells was subjected to SDS-PAGE followed by immunoblotting using anti-hGHR monoclonal antibodies.

sorbent assay) #1238\ T hGHR O#IFa4 F 2 4 Y &H
(hGHR-ED)* L BV UGt R L7z, SO, X7F R
L U'hGHR-ED, W FhORFEAFE I LTS, GHRP2-
SR R b MWLM R L7z, s 4 BEOYUED
TAVEA TR, TXTRGCIIATHY,
GHRP 3 -56314k%% (y1,x), o> 3EAT (y2akx) Tho
7z, 5T, b 4 FEEHOHIAES hGHR B & UF hGH-BP
DAL 70y MEZEDBINCERL 9 5205 RE
L7z, & MY 2SEREEEEMIR IM- 9 OMEE 5% AT,
hGHR 124§ 5 RUBHEZ#ET L7z & 25, GHRP2-885 &
U° GHRP 2 -1798ufk % F V7235412, 125 kDa DALE /3~
FASHIE L7z (Fig.1). ZHIGLAET, “I-hGH & ofbaE4e
BERBRIZX VHE SN WGHR OG- FREIBIZFALTH
5% LA L, GHRP1-174,GHRP 3 - 564k % WV 72355 &
BB L Zh o7z, ELISAERDA 4/ 70y MECE
FABERERETSHE, GHRP2 - 88HUAD i b w v IS
BEAELTWE. #oT, LFTOEBTIX, ZD GHRP2
S8k T WA Z & & L7, ARGHRP2 - 883tk & AV 72
AL 7054 Y TRIZBUBEEERET LA, IM-9
ML hGHR 1233 2 EEEZ TR L 25, FomEHR
Fid IM- 9 MR DT L THI3.0x10°Tdh o 72, IM-9 #Efig
1A% 7: 0 #3,0005F- D hGHR HFFE L TV B DTY,
ETEIZ L ) hGHR E T 5 &, #200pg & % o 72,

hGHR ZEH 213 Asn #E A RIOMEFIASHEE L T0aE I e
HONTWED, FURORIGESZEERIZBIT HHEHO
BHIZXY, BEEZZTLE) PERE L. IM-9#
§4 % tunicamycin THLHET 2 Z L2 & H*®, hGHR O 5T
Fi12125kDa 2*585kDa 1224k L7z, L2 L, Pk RIE
ML L o7z, ZOZ &5, GHRP 2 -88HiiKIEpE
BOREIZH2b 5T, hGHR #F8L T 5 2 EARIE
X (AN

& A2k hGH-BP 5% 1 nM OB E CTHFEL TW
A% GHRP2- 88fitkz w470y 5407 %
BZOBEADKRHBICEATE 20 E) PR LALZA,2
HMoOIEHF e iEs, FOWEFIZBWT, 5 F@ED5 kDa
DNV FHPELNA. IM-9 i OHEE %% O hGHR %
WEETEFYY A MY —2XY), FOMAEE %
LzeZh, #ZRZFNL60M RUTL70M Th o7z, Ki
WX b, GHRP2 - 88¥iffid hGH-BP & & RIuEx R~ 2
ENSRIR STz,

% B, KGHRP2 -8Bk A 4/ 7 ay MEDAAD
BWHTH LM, MBORERBHRICIIERTETH 72
B, RIEBLREEICIIERAARETH - 7.

2. hGHR @ internalization & 9-f&

GHR #ZHIB LTV AMBICGH 21E &5 &, Hila
JEFEH o GHR A5HIfa P #81T (internalize) L, FIfaRmH»
H—EEERMST 5 Z L (down-regulation) %%, IM-9
Fzagtilis oM cHmohTns, ZhiZyFry FES
A, ERT 2BREREOZHFERLANVEFIELTWE 12D
pleEzohd, etk MRRABITLAZY AT FGHIZ
VY —ANEELN, FDIREALYREENDTS,

—75, GH &% GHR ®E4 128 LT, Roupas & Her-
ington 5 X, T v bIEMMELIC B v T internalize S 7z
hGH DA% £ DBRVFHENSE Z L™, BLUZER
A% recycle 7 534 (C internalize L7z ¥ F & SHAED
[BES AHAP/NEETH B LY KV —LHAD pH &£ 131T
[ U pH5. 5CHINaEET @ GHR 12454 L 72 hGH % LH L
T % hGH 1320% L2 fflE L2 w2 & 225, GHR X recy-
ce LTk vl Lz". —%, Bick 513,
5 v MFRICBWT, GH B & Y BEERE D GHR LA
)V ("I-hGH D #E &) 2584 L Golgl Rl 772 BT %
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GHR VRWHER$TAHIE, GHUVRAVDETE & H I
JafE @ GHR LV SEIE 5 Z L 26, GHR i recycle
LCwa i@l LaL, MIMES L7 GHR ®
EATIZ oW, EH GHR xS L-wFgeis, Bty
HEMbLT L ENTE ST, ¥ 512 down-regulation D A
HEZZXLIE L TOHRERIBEETH o2, #2T, M
B} 2 M2 O hGHR L~ 0§l AR 0 72 0
12, &5 S HHE L 72T hGHR $L4k GHRP 2 -88% Fivy, IM
-9 Mz B1F A hGH 12 £ % hGHR @ down-regulation @
AH AN TR LT,

2.1 hGH #&7F# % hGHR @ down-regulation DX{&F

hGHR 13, hGH B & ) MRl A 5 A~ & in-
ternalize L, #MfEEERE S —CRHHELET S 2 & (down
-regulation) ASHIHLNTWAEY, FOEBEIHLMIEh
Twiz\vy, 7, GHRP2-8¥ifkEHiviizf 4/ 7uy
EIZL ) ZoBEL BN L7z, hGHALEIZ X b, IM-9M
RO MR 53712 BT, hGHR @8 K (40FE125 kDa)
DEE BRI 72 A D3R, 5 M7z, hGH B o T,
ZOL)BBSEALNE Do, FAEMETT, cytosol
H5 R OB 3 B 1235 VT, GHRP 2 -8k RS it B0
IO LRI 96, \GHR IS I kEz 6N
7z. hGHR @3> FORETRE % BAS2000ic L W E&E L, #
DA & AT L2 & 2 5,45 1M hGH LB 12045 CHIFL O
STREEIL, #98.5%ICF THA L7z, hGH (45nM) 12 &
% hGHR @ internalization & 7 2 —% A + X ) —T, 4
&AL 70y ME (BAS2000fH) TRIFL, £
R 2 Aeat L7245 3 % Fig. 2178 L7z, 45nM hGH 12 &
), FE3ET 0 hGHR A550%internalize & 1L5 BERGIZ, HE
1%7.55, 50% MR S N B BERII2TH Th o 72, D EDsESR
25, hGH #I#12 X %5 hGHR @ down-regulation ? % &

A Internalization

- hGH

Residual cell surface hGHRs (%)

0 20 40 60 80 100 120
Incubation time (min)

X, SHEMD nternalization & U F OHENIZBT 532
WPRGHTHAEIEFHELNE o7z,

RIZZEROGIRITT 5\ O OEY OEE % RET
L7z, hGH IZ & 2 /R0, MNEE/NGE O pH
% L5 & 3 bafilomycin A; % chloroquine (2 & § %%, 13
BRECHEINS, /-, BEASHEEFEHEN leupeptin
K pepstatin A 12 & > THHGWICHESI N, & B,
IS DYz X ), hGHR O internalization & FHZE
ENhholz., TNLOFERE, MENIZBIT S hGHR
DIFRIZY) Vv U — AEOMBNEN/DMFENT, BENIC
FISEIINHZLZRBTHLDEEZ G,

& 512, Percoll BEARLEET IM-9 Mgz 5m L,
MR Z SN E £ 6 DOESIHT, FheEhn
12817 % hGHR £ % GHRP 2 -88¥ifkx v /724 4/ 710
v METHE L7z, hGH BRLELO ST, hGHR i & A
CIEREEBSICHEEL, VYV —LA0Y - —&EH
(cathepsin D) 25T A2 BEEMICIITFAEL L h o7,
L L, hGH (45nM) T605LET 5 &, hGHR X 5%
BENCO AT A L) Ik orz, E51Z, ZTOH, hGHR
DOffixt &L, hGH HEMIBEEFDH25% WA LTz, &
DFR12200 puM @ chloroquine % 1z 5 &, hGHR X K%
BB ATH LR, BEEESMCIFEL S22
2. UV — LD =5 —FEEADSA D chloroquine LR
IZXY, BEEMD SERFEMICRITL, T05m/8Y —
YHAHGHR DL DL FEML T DB I EHh S, ZokED
hGHR 28 V' — A THEENE L2 TR THODOLH
FAo¥ (WAl

2.2 hGHR @ intemalization RS ICRET 2EFIHVT

hGHR DY FH A b — T A #@IE% X Y ZEMIICHRET L,
NG T ARTRRET 5720, SBHAEOMEREN

B  Degradation

-hGH

Residual hGHRs (%)

o U I U U t t
0 20 40 60 80 100 120
Incubation time (min)

Fig.2. Time course of hGH-induced internalization (A) and degradation (B) of hGHR. IM- 9 cells were incubated with or without hGH (45nM) at

37°C for indicated periods of time.
analyzed by flow cytometry.
using GHRP 2 -88.

(A) The cells were treated with MAb263 (anti-GHR) and R -phycoerythrin-labeled anti-mouse IgG, and
(B) The crude membrane fractions from these cells were subjected to SDS-PAGE followed by immunoblotting
The radioactivity of hGHR bands was determined with BAS2000.
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Fig.3. Effect of hGH concentration on the internalization (A) and degradation (B) of hGHR. IM- 9 cells were incubated with varying concentrations

of hGH for 60 min at 37 C.
IgG, and analyzed by flow cytometry.
munoblotting using GHRP 2 -88.

% b @ internalization & FMFLA T D525 TR 21T
o7z, ZEAEOMBLFET 2 5 @ internalization 12 7 10 —
FAPAFMI—I2EY, HEATOGRIIA L 7Oy b
e AN % T VAN
¥4, hGH REOFHZHE L7z, hGHR O internaliza-
tion i¥,10nM Tl k& 2 B M D $EikD 8y —  FIR L
7z (Fig. 3A) . BfRIZ DN T H RO /8y - %77 L 7= (Fig. 3
B). hGH IR TH|MAR & b BRI S, M hGH 3%
FEIZH10pM 225 1 oM DIFTEI T2 2 L P ST
WAY, AREERIZED,10pM ® hGH Tit, ZHEKIZIZ L
A & internalize B L U & 97, 1 nM TITH80% A&
B ldb, MBRERmOSZHEKRL NV, M4 hGH L
VIZIG LT, EbDTHERNICHHIATWEEEZ LN
7. 7, hCHRZEFKEL 1 : 205 FHTHAL,
Fl D hGH i, Bl b4 1 uM LLETIE, S ldsiin ;
1DOFEETHIEPMEINRTHSLE®, hGHIZ L 55
AR internalization, & 545 EHY, 100 pM AT R OF
IpM L ETdeiz2 512w & A 5, hGHR @ internaliza-
tion R U5 #121%, hGH %9 5 %FE4ED 2 LA E
THAHIEEZRETIHERTHD EFZ 517, internali-
zation (2 BT B ZHAK 2 IMEOLEMRICE LTI, &k
llondo 5%, hGHR & 1 : 1 ODHIAKR L »ER L & v hGH
TR ERI Y, FOLEEHERELTWET,
Xz, BMEEY YBALRIES GH ORISR EIC M

5-[/(\/\63:%‘/?_%%'(‘/‘6?)‘, ZO&EBE) YL
7%, %7K internalization X U FIZO G L TWB DD

Bh%ETRL120, EAK

DEEBET L7,
L® & LT, protein kinase A, calcium/calmodulin kinase, ty-
rosine kinase %, VB LEF R 2 RIS HET 5 Z L4505
TV B%7 F 37 FEBIThCH JIBUC & ) B RS EEEN

1) ¥ BE{ERE S Bl Fstaurosporine
staurosporine &, protein kinase C % &

(A) The cells, acid-washed or unwashed, were treated with MAb263 and R -phycoerythrin-labeled anti-mouse
(B) The crude membrane fractions from these cells were subjected to SDS-PAGE followed by im-

) UL &N, & 51T staurosporine A3 F D 1) UL % [
BB EFEPDDLIDI, PITE) IM-9MIEE SN
VL, FOHERE S % FvTHt GHRIUA MAD2631 & 5 %
JETLPE 24T o 72, hGHAl i #%, 2.5 BV TH Fut
135, 69, 60, 35K U28kDaDEBHE D) Y FEILHERD &
h, ZThsn) YER{LIE staurosporinefLEE 2 & D BEE &
7z (Fig.4). 35622 hony YEEIh2EBOH, 135
kDaO)EELi%D“/‘/f’r‘f~J€jAK2 Tdh 1, hGHIELZ
I h hGHRIZAAT A LI, FO3v v ) VEMEZ ST 5
J:%:%J;ﬂz% WZREREL7:. ShonY YELERE [F
— 2t staurosporinefLIEIZ & 1),
Staurosporine

(nM) : 0 100 1,000
45nMhGH: = 4 = 4 = &+
kDa

24K internalization

135 >

23

35-»
28 »

Fig.4. hGH-induced phosphorylation of hGHR-associated proteins. IM-
9 cells were metabolically labeled with [*P] Pi for 60 min at
37 °C. The cells were preincubated with staurosporine or vehi-
cle (DMSQ) for 15 min at 37°C. After addition of hGH (45nM)
or medium alone, the cells were incubated for 2. 5 min at 37C.
Solubilized crude membrane fractions from these cells were im-
munoprecipitated with MAb263 and the immunoprecipitants
were subjected to SDS-PAGE followed by autoradiography.
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A Internalization B Degradation
10 Staurespfine . . -1 10 1001,000
80 45nMhGH: -

-]
o
1

8

Residual cell surface hGHRs (%)

et

\\\ ] U | T
0 1 10 100 1000
Staurosporine concentration (nM)

+ + +

125kDa
(hGHR)

Fig. 5. Effect of staurosporine on the internalization (A) and degradation (B) of hGHR. IM-9 cells were preincubated with staurosporine or vehicle
(DMSO) for 15 min at 37°C. After addition of hGH (45nM)or medium alone, the cells were incubated for 60 min at 37°C. (A) The cells were
treated with MAb263 and & -phycoerythrin-labeled anti-mouse IgG, and analyzed by flow cytometry. (B)The crude membrane fractions
from these cells were subjected to SDS-PAGE followed by immunoblotting using GHRPZ-88.

B ETRE SN2 2o 7278, SRHGREKTFHICHE SR
7 (Fig.5). L& FRE2 S, hGHR @ internalization 12
13, hGHIZ X Y 5| &# 2 & N5 staurosporine JEZHED 1)
VEALRGALE L SR nZ b, L LOfRICE SR
ik, ASA0OER) YEERIEAHE L TwE Z LR
1 EF (AN

staurosporine #L¥ L 72 IM- 9 #ila %, Percoll %4 FliE
LIETHE L, FhZho hGHR 444 i % GHRP 2 -88#1
x4 70y METHE L7z, hGH B#Uz &
D" hWGHR BB EEMICHAT 5 & DXk %0,
staurosporine #LBRIZ X 1), hGHR iF, #DiT & A EHRE
BEW S CAELET B & 9 127% o 72, staurosporine JL¥E i Rab
5, cathepsin D D437 12id, 1T & A EREE2 5 2 oz,
staurosporine #L¥E L T % hGHR i internalize &5 Z &,
MYy FU—00v—h—&HHATH S Rabb »RE AW
FICFAEL, DoFDHAi/3Y — A hGHR @ b @ & 4
L TWBZ &5, staurosporine ALILIC X ), hGHR it
MYy FY— LIl o T ATEENEZ b/,

Eo#ER XY, hGH fl I & %5 %4148 D down-
regulation D7D, hGHR @ internalization (Z#t <, £
WD THEZEEHLMILE, T, FOXD
= A L% AT L, hGHR @ internalization {21, hGH i X
DHIERISNIZFRR2ERIIVETH S I & 2R
TOEEIEONL. OB, staurosparine B ED 1)
BALIIALETHEZ LR ans, Lo L, hGHR ¢
SR 72 BEARIZ I staurosporine D 1) EEL
BASETH D Z EATRBE N,

% 41K internalization 12811 5 1) Y ERER B O EZ
B9 2M5cid, EGF R8TV ATV S, EGF %8
HREFOMBA R A4 212 VRMLEERETE - T8
D, SHERBHLIT Y FOKEAIZLD ) VEMEEI NS

M, 0 VEBCEREE R Lo LEREEHVTY, in-
ternalization 3822 % Z LIS N TWB™, F 72, macro-
phage colony-stimulating factor (M-CSF) S Z&FEIZDWT
IEAKOHERESESNTWS™, —7, insulin XHFHRTIE,
% @ internalization (25 %&F kinase D{EESHETH B Z
EHE SN TWA™, hGHR R F AR VLRSI
HrfoTwh v, AFETHRES AL HIZ, hGH
FIEZ X ) hGHR 12 Y EREEBER JAK 2 &4 5. L
L, hGH#i#iz & » hGHR %, EGF %%{k% M-CSF %%
REmBRIZ, U Y ERILIZEERZ < internalize SH A Z &
A, ARFEEOMERE, S FHE N/, &, Allevato 513,
S v b @ GHR Z5AK% 9L COS- 7 M2 transfect L 72
FEHWT, Phet?-lle-Glu-Leu @ Phe % Ala IZER X435
& hGH #I#12 & % GHR @ internalization 2557 & 17z < %
5 &, GHR OFFMN F A A ¥ JAK 2 & 5 Hi
ZFFELTH internalization 2 o b 2 L #E L
2P ZoWago7 I IE, v GHR TYRESRT
W5 ZeHh s (Phe™-lle-Glu-Leu), & FZBWTH I D
it 7% internalization £F— 7 & LTHfEL TWwW 2 L HEE
INns,

EGF 734k % M-CSF =& kid, J F~ F &3z internal-
ize ENT2M%, FMENDD, ZOFMEZITDICETE
R ) VELEREESLETH ), TEEOHTY VB
LR DLER N EHH SN T VB, —%, PDGF %%
KClx, #0455 %2 phosphatidylinositol 3 -kinase ¥ 7z
Nk DEBRNDEELETHBH™. KWFEIIBNTH
1) v EEALREF T EE A staurosporine 12 & B hGHR O 43 fif A5
Tz o2 erb, SREEKRIIRAEL) ) YHALREE,
F - dHRRR OB D) Y EBALRERIC K 2 EE Y YRS,
ZRROSRIZEL BT, HEREEHER-LTNSD
DEFHINL, ZOFEME LT, TTEIZHERIZAL
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TWaA JAK2 SB8IF 5. ZO44E13, hGH %, 2.5
GTHRAELRD,100F TJAK2 DEERR 61,305 Tl
RoNGho72. hGHR D77 ED307 THORREETH S Z
ExEZAHE, bLIAK2 PHBICHES LTwhETh
i, PROVBVWEBTHESELTWwALEEbRAL, Percol
BELHEELEORERD? S, staurosporine M2 & 1,
hGHR IZFIHl > Py — At o T b LifEES N2 Z
&7 5, hGHR O f##ETE, FFIZHie >y Fv—LAallbw
T, JAK2 X3 o00") YERACEERPMERA LT AR
WAEZohS, —F, \GHREEEBEIZE L T, JAK
2PDHOBEBHORZEIXTE T v, EGF ZHAKRIZBW
T, &4 LT\ 5% annexin [ % multivesicular body (#%#.T
YEV=L) AT, V)V UELENE LW EEDNH B,
ZMD7-%, hGHR 1244 LT\ 535kDa DZ&EHIL, annexin
TiEhwhbEZ, PUGHR UETRIEREL-ES %,
PLamnexin LETA A 70y MEICKDERF L. Ly
L, ¥t annexin JLRICRKIGT A3 NidfsE 59,35 kDa @
Z K% annexin AN OBEHTH B LEZ 7z, GH R
L AMRNERED ) Y BRILDEITIX, Fiz<y AR
BEMRL (3T3-F442A) DFRT, L) VEMEF O s U HiE
ERVzA L 70y MECXBERICEY, B (RE
ENTBH*E® GHARIC LY ) VEMbshERE L
T, JAK2 B X USTAT LI44IZ, insulin receptor substrate-
1 (185kDa) ™3 X UF MAP kinase (#940kDa) *'75#tii &
nTwab. Lo L, ®P % V72 metabolic labeling @ #£ &k
WEARBZELAIMC 18] LA 7% <, Ser/Thr J ¥ BEfb o f&#AT X
HEATWRW,

3. hGHR »5® hGH-BP Q&R

%% 51%, hGHR @ down-regulation 12§ 5 EEIZ B
W, hGHIEFTET O IM- 9 Mgz sE RiEs 2, HihGHR
PUARGHRP2-88& LT 5B HADPFIET 5 T & & AW it
L7z, ZOEBEEROZEMRTH % hGH-BP O et
PEWVbOLEZ b/, WIFEEHR, hGH-BP O@E4 %
fEHTL D % in vitro RIZMEE N TB LT, €D hGH-BP
DEREHIIHEINTYWEro7/z, £2C, MRE@IC
BIF % hGHR L v Ol % fF 3 % £T, 2o hGH
BP DEKDERBICANTIHENTH I EPLETH L LE
Z, TOEBBBEOBREEZIT- /2.

3.1 IM-9 #2755 D hGH-BP D4R

IM- 9 {2 37CCT—ERHA v Fax—- ML, 20O
=g L BN, PUhGHR ik Hvw/ief a2 7ay b
BEICX YW@ L2L T A, 51860 kDa K U5 kDa d /3
YR sz (Fig.6A). GHRP2-883ik&F L2 9
Z (IgG2a) ® MAb T&» % OHP 4B2.2.33u4k (§t170-
hydroxyprogesterone Jiifk ; = > b —i) ¥TiE, Thb
O PR N o7z, KIZ, hGH BEELy Vit
LIS DA L Ty MECXBRITICED, Thb
2HOEHAD WGHHERRRETANZL IS, RS ICHY
TAHSFEOMEIZ, NV FPESNT (Fig.6B). 77,2
4G HRE DSS # V7L 4G RIS FIH LT, HE
EFFICHEAET D, PIhGHEATHEODH 2 EB AT L
oA, HTES4-T5kDa DIEDLE/NY PG LN
(Fig.6C). hGH ®4>F& (22kDa) %#84-75kDa 2*55]<

hGH-affinity
isolation C  '®I-hGH
Immunoblotting Immunoblotting cross-linking
excess excess
OHP  GHRP hGH hGH
s 4B223 288 + - + -
97.4 — 9r.4 = o8
97.4 —
69 -
60 > % - 69 -
55 =9 60 —»
55 —»
a6 —
46 = | a6 -

Fig.6. Human growth hormone-binding proteins (hGH-BPs) release from IM- 9 cells.

(A) IM-9 cells were incubated for 120 min at 37°C. The su-

pernatants were concentrated and subjected to SDS-PAGE followed by immunoblotting using OHP 4B2.2.3 (control antibody) or GHRP 2 -
88 (anti-hGHR). (B)The concentrated supernatants were absorbed with hGH-agarose in the presence or absence of excess hGH, and the ab-
sorbed proteins were subjected to SDS-PAGE followed by immunoblotting using GHRP 2 -88. (C) hGH-BPs in the concentrated supernatants
were cross-linked with “I-labeled hGH in the presence or absence of excess hGH and immunoprecipitated with MAb263 (anti-GHR). The im-
munoprecipitants were subjected to SDS-PAGE followed by autoradiography.
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A  -hGH B 1450M hGH
incubation
time (min) : 0 30 60 120 , 10 30 0 ’120
60 kDa -
55kDa -»

Fig.7. Effect of hGH addition on hGH-BPs release . The IM- 9 cells were incubated with medium alone (A) or 45nM hGH (B) at 37°C for indicated pe-
riods of time. The supernatants were concentrated and subjected to SDS-PAGE followed by immunoblotting using GHRP 2 -88.

£,62-53kDa &Y, A4/ 70y MEIZIVBEBEA
XY FOSTFRIZHEET 5.

S 51z, IM-9 MR s EE L ici & T { % hGH-BP
@, hGH k¥ 2 AE$ %, Scatchard plot 12 & 0 47
L7222, 4.6x10 M Th o7z, T/, &R, 1RER
W, HIMIE E o hGHR O#) 5 AL TH - 72,

RIZ hGH-BP i ORI 2 MG L7z, 4 v F ax
— ¥ 3 VI 2 B E TO4MFT T, hGH-BP IZRE K
FICHR SR, ZORICYH Y FTH5H hGH (45n0M)
UM U724 Ti, hGH-BP ORI 7558
bNBLOD, FORIMMEIZFEIZTEL LT W (Fig.7).

DEo#EREy, IM-9MifaL b hGH 4% o0+
60 kDa JL U655 kDa D[ iEH&EE, BlH, hGH-BP A%t
ENTL B EHREENT, & MLFEHIZIFIET % hGH
-BP 4 T-&id, #60kDa, F7-FAELIE 3-9x10°M?
EHESNTBY, SROKEREIWMO TEVWHEEZRL
720 X0, A vFan—Ta VBB 2EMETOL
T ik, hGH & hGH-BP U ICB ORI T-& LT
T 52 EAREENLS, ZHIGEERT D hGHR #5hGH
FIBNZ X Y internalize S, JEERME D hGHR L~V ASET
THZEIRRATLIIDEEZONS., $72,2005FE
@ hGH-BP 2388 H 7228, IM-9 Ml i2id, full-length o
hGHR mRNA OBz, 3 =7 vV > % R$§ L 72 hGHR
MRNA SFAEL TV A 2 EDRMLNTWA®, & 512, hGH
T AEAERE, TOBE3IsVYoRIBICEY, &
(B eZT 2w EVHESINTWET, $EoT, Kff
FEIZBWTHIE &7z, 55 kDa @ hGH-BP 13, 60 kDa O
hGH-BP 6553 2.0 v Y RIEL b D TH B L
FENL, ZOE3ITY Yy %/KE L7 hGHR 1T, &i§
LTWZWhGHR & 362 (/LD FoRIIEL S
HbOD) & b OTRTORERRHA LTV 5EY,

3.2 hGH-BP D4R#iE

T4, IM-9MIIZ BT B hGH-BP DRI, #ilke &
AERPLENPEPZHRLEHNT, M-OMlrE&EOE
BFHZF], cycloheximide (50,100,200 uM) CHLEE L 72,
INSLOMIPIZ X Y, hGH-BP B IZEAIZ e o722

Eb, ML EASRIILELRNWI EATRIES N, &
B, IThHDEED cycloheximide T&H A B IdAE A 121
EENTW,

E S IM-9 M2 B 5 hGH-BP A&z, ARiEh
TEHOWEERPLEIG 2 R/LHE T, IM-9Hii
%, BIWNREIS TV EANOIEEHETAZ LIZE
DA ENFBEEOS % AET 2 brefeldin A (0.2,1.0
pg/mb) TRHELA®Y, ZhsoMBick ), hGH-BP ik

BICELE e h o/ b d s, AREADHZRTINE
TWIEARIBEENS, IS DIEEED brefeldin A #LBE
L7z IM- 9 Mg O B W 43 F iz id, #2124 T &E105 kDa
@ hGHR 5 5172, Z it brefeldin A DFEMIC & D/
RAAETIZET - Twa, BE TRy Y V7 ENDHO
hGHR & # % &7z,

A2, hGH-BP 25HIBRE EWCfE#E ¥ A hGHR ICH#ET 5
CEEFHLMITLHEHNT, hCHRMLHE 21T/, 2h
12 hGH (45 nM, 2B ) JL3 12 X 9 R - OS5k D90%
P E2%internalize L, S SIZHPNICHHREND E V)
HAMALZ DTHS (Fig.2). IO hGH MLz &

A M hGH B

4sn Trypsin (ng/mi)
preincubation - 4+ 4
incubation - - + 0 80 200

kDa
60 —>

Fig.8. Effect of hGH-and trypsin-pretreatment on hGH-BPs release.
(A)IM-9 cells were preincubated with or without hGH for 120
min at 37°C, washed and further incubated with or without hGH
for 120 min at 37°C. (B)IM-9cells were pretreated with or with-
out trypsin for 6 min at 37°C, then added trypsin inhibitor (1 mg/
ml). The cells were washed and further incubated for 120 min
at 37°C. The supernatants and membrane fractions obtained in
(A) and (B) were subjected to SDS-PAGE followed by im-
munoblotting using GHRP2-88.
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A

EDTA (mM)
0 04

kDa 1.0 25 80

EGTA (mM)
0 04 1.0 25 80

Fig.9. Effect of EDTA or EGTA on hGH-BPs release. IM-9 cells were incubated with EDTA (A)or EGTA(B) for 120 min at 37°C. The supernatants and
membrane fractions were subjected to SDS-PAGE followed by immunoblotting using GHRP2-88.

%, hGH-BP DitHiIZi3 & A ¥l S h7: (Fig.8A). &
542, trypsin BPALERIC X D IRV O BB Y SR L 72
WEIZiE, hGH-BP iz &< ek d o 72 (Fig.8B) .
P, M LZEED rypsin 12X Y, HIfZD cytosol %5
DEEADEBZRKENINY -1, L EDLLRVWI Lhb,
trypsin [ FHIBBNE CAo T wEEZ 6N, LoD
RN, S, IM-9MRE L D B &b hGH-BP 1, Mgt
L OSHERICERT S EREI NI,

KiZ, hGH-BP it izxd 3 2 M H o I R B E A D32 58
HE L7z, #A&7- thiol-, serine-, acid-protease @ i<
#) (250 uM APMSF, 10 pM aprotinin, 100 pM leupeptin & U
100 uM pepstatin A) B X U250 uM phosphoramidon (colla-
genase 55 % FHETZ) 12X Y, hGH-BP B IZfHE S i
D o72H%,0.4 mM EDTA TIIESBICIEEI RS, 20O
EDTA, 3 X UF1,10-phenanthroline & hGH-BP ftH % it pe
KAERIZPAE L7225, EGTAIZ & ATHERIRGHTH - 72
(Fig.9). M4 D&F/ A+ VI T 5%V — MEEEEEK
BT, EDTAZTEGTA L b EwWliz ol 4+ D
5, HICFOZEOKE WV Mg, Co*, M8 & ¥ Zn** iz
DT EDTA ¢ hGH-BP F i B E Rk 3 % [H
ER%ZARIEZ S, Mg B LU CH M 4 Y DRI &
h, HEDEELZEREFALNZY, MBI In"* D
MBI FHTH o7z, THEDEEHH S, hGH-BP D
iz, M EO hGHR @, &E7n 77— ¥tk 2
Yk ASE 55 AW REMEATE 2 H /s,

PDEofFER LY, IM-9 Hila2 5 hGH-BP O i 121t
FohEEARIRLELR <, Mgk LD hGHR 23801 &
NWTHERT DI EIRBEEN. 1€ T, MIlFEE D hGHR
LANVOHlifE#Z 2 5 LT, ZOYETC X % hGH-BP fy i
LEMICANLLEENRIE SN/, 25617, ZOYKTI
Birs&RE7ur 7 —COREOMEEIE 2 bz,

i, & M HepG2 M2 £ ' Hep 3B Mifn X b, hGH-
BP M it S 2 Z L 2SRV TG S ™, £97, ¥
-hGH & DAL ZEFUERIS 2 FIH L72328012 & ), Hep G2

M5, 5F845 L 1558 kDa  hGH-BP 2%Hi i & L
TLAILEWRENY, LaL, FHLOWIETII Hep
G2 MM OBIERT 2 hGHR 1313 & A EfFFFEEY, Thoo
MEDHERIIEBATEL o7, T72, Hep3Billah 5
b ™[-hGH TRLIR L 725538 B 0 /7 VB ENC X B 4TI
&Y, hGH &AL FOWHEERER (FFERTH) »
BHENTLAZ EBRVWH IR, LiL, wWiho
Wb, FELWHEHEHRERSINCE T 2RI s Tw
vy, F72, IM-9MiIfLE X " Hep G2 #ifa %, SH 3L (20
mM 2 @ iodoacetamide, 5 -10 mM N-ethylmaleimide %)
ERIZA v Fax—1+F D E, 5T ESKDa D hGH 4
HEZ IFOEEEANEE LfPIcitl s h Tl a2 Ed°
HEINTVEE?, LrL, TEFXBELrbZL, Zh
HFF - VEIERT AWML, AN TEEELEVE
Es, EENLELTEILVEEDLNS.

e MIBWTI#FH D hGH-BP & L NVAH hGH IZ & D
H LB DB ITOWTIE, invitro DFEIZ L VAT, in
vivo TOHRERILHFLET . Lo L, KT 2GS
HY, KEBHEZEORTVWEWY, KFEOERE»S,
IM- 9 iR 2> & @ hGH-BP ORI 72 2 EH AL
<, M LED KGHR 25T SN TEKRTH Z &
R ENS, T &M, hGH-BP IR E Eo
hGHR L XWVIHFT 2 b D E#E X bR, invivo 2BV T
b, L L bEIMIZIE, hGH @R D4 T TiE, hGH
-BP 13 hGHR @ down-regulation (24> THE AT 5 b
DEFHREND . o T, AFEOR R, hGH 2 & % hGH
BP U OADHIHE VW) ER ZXFFT IR E Lo,
L# L, hGHR % 7— F3 5% mRNA 20 KEVHS5 ¥
pErEbitad, hGHIZ L AR ZHIEIZIOWTIE, #§
an TR T R,

collagenase % gelatinase D~ M) v 7 A X ¥ urso s
7—¥ii, KBRS TOFT—ETHY, Foigtkdh
L2 In 5FHFHEET LY, HE, TNF-a fiREOHII
LI BITAUH~D, < ) v r7AXyara77—
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< | Phosphorylation
hGH-BP hGH

Fig.10. Modulations of hGHR level on the cell surface by internalization and degradation of hGHR, and by hGHR cleavage to generate hGH-BP.

YOS EN o TE7, BIH, EDTAIZ X 5 TNF-a
B OREAS ZnCLO RIS & Y AT % 2 £, TNF-a
MERK D YIBTERAL 0 7 3/ FRIECHI A, collagen R ou-
macroglobulin @< P v 7 A x40 7ur7—LiZL5
YIERAL DT L AR H B 2 &™), < N v 7 A XS
o777 —EOHRMIL ) TNF-a OB PALGNS
L EOMBMELNTETWA, LaL, EDTAILK
% hGH-BP I O FED Zn* iR L T H AW Ly
E# L% &, phosphoramidon {2 & ) hGH-BP fit ti A%
fHES AW &2 b, TNFoa iS5 s< MY v
yAAZO 70T T —EHhGH-BP Bl icf5- L TWw AT
AL AR O oy (W

EbH i

b MBI A M FE hGHR L~V o Gl HE 4% % 7
#4578, hGH Hl#iz & % hGHR @ down-regulation (in-
ternalization 3 & O3 ##) % U° hGHR @ ¥IKFIZ £ % hGH-BP
B OWTHET Lz, BIfEE CIBo i RICEh
¥, hGH HIBLiz X 2 52589 down-regulation i3 J 47"~ F
12 & ARG 2 HIH, hGH-BP O I3 HE AL 0 72 H1148 & H
BTAaILPTELEEDNRS (Fig.10).

hGH JEFEAET, IM-9 #IAEIZ 3547 2 531 © hGHR 02
WA (50%ALH S N AR FHVI0RETH B Z P,
BLOARTIEORERE, IRHLE2 D # 5 % DOZHERIHEE R
HeLTHIBENTL B I EHREENZOT, 10BH T
0% AR E A L Ea A, Bl L, hGH 235 7E
LaviREE, B E0RVIRE (hGH JERE I 0
JETd 510 pM #2E) Tid, hGH-BP #xHi#%, hGHR ® 3

ACHHRESTH Y, —7FF, hGHIRENEWIRE SV R
897 hGH O ¥ — 7 B CTh 5 1 nM ) TidHifar
~0 internalization 25 E % NHHEHE TH 5 & WV ) KFELAE
Z b,

MR M O hGHR L AN B L T b EEHE L
T, Laron BUNASEA IO N TWAD, ZORBIIHERE
ARETVWAIZOHEDSY, M hGH IXEHTH Y, hGH
ERICIETMEO/NAETH B, KEOEE T, T
FEM 51 hGH A5%5& L e\ 2 &, [ hGH-BP #%/&18,
HrwidbTricLrfFE L edgEshTw
B KIEDEK & LT, hGHR FETDRE, ek
BRAWE SN TV BP0 L L OIEFITIE hGHR #1E
FORFEIZOOLNTEL T, REDFRIZULIZDIS
LBbhb, —7, Laron B/ ANSE L FAEIZ, hGH KL E
FRTIIZL 205§, M hGH-BP VNIV DIEE % i i
FREINTVWE™, RIFFEOFHEL L D, 1RIC hGH #EHt
HTH-TH (HIL, MIEANREERSIIRAPFEL
Tb), hGH # &M D H % hGHR A EEERE IZFHI L T
AU, hGH-BP AR D S 4, hGH-BP L X)VIZIE
FERTEHEEEND.

X512, hGH OAHEFRFTWARML TR Eh S
F, MO hGH-BP i ASIEH AD30-110f55 <, a1
% (hGH D) MEBELRI L T2 EEHLIR
HBEINTWBEY, F72, FRIBEEAIETSH 5 Alagille i
BT H, hGH O&EHM SO, i @ hGH-BP i}
FED FH.B X O insulin-like growth factor-1 & DT A7
IHEZENFHMSNTEBY, FO50%DL MIREREN A
LB, ThLDEREBBERHTS 555, ZOWhHEME
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D12k LT, MRKERICHEIT S hGHR OYIR 7o
IZ& % hGH-BP UL oA ZE 216N b. 0L 2EIE
WB L UEROERNMHEB L EEDOOICh, YIRS
OREZ D & T AHEFEE GHR LV oKD X b
BT SLEE A .

A i
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