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II. WY > 8B LU IM-9 #faiz
FIZTHEERVE Y DEE

SRAFELINDRSBE (2F: 40 5D
B K =8
(T2 %5 BITERH)

EERK RV E > (growth hormone, GH) #5 & HIMFHFEE & O EEBEAEE ST 22,
GH OMEMM, Y v SR T 2 2L TRREE—EDRESESATL A, 2HE FF
FhE GH (p-hGH) 8 & UV &E FHBEE MK E + GH (recombinant-human growth hormone,
r-hGH) ZHVvT Y Y SBROBIEIC B JIgTHE S & e GH OMBEAEREERE D 2 RBREN B
FUVEFATRELEUTORMBE®B . (VKM Y > /8K (peripheral blood lymphocytes, PBL) o
[*H]-Thymidine ([*H]-TdR) 3t L p-hGH, r-hGH Bt BEE B LIEa sdhodz. Ll
phytohemagglutinin (PHA) RIB T2 8 1) 2 FEATEIC r-hGH 13 FE L 2 - 7228 p-hGH 13 iM%I%n 8
R U7z, QMM IM-9 O8I L, 10ng/ml M E® r-hGH & DNA & 2{8EL 228, THk
# MOLT-4 OB IHE L g >7. B)["H]-GH HEEOHEF» 5, IM-9 121k GH BENRKS
g o, ICsw ik bng/ml TH-o-7. L L MOLT-4, PBL W BENESEITEDo AR o>
fz. 4)r-hGH 12 IM-9 #if2D cyclic adenosine monophosphate (CAMP) E4 1 & UMIIEN Ca** JBE
CHERB LIS 2o/, BIGH REBETOTERENAELE L UY —F —FEREOCREIIBIT S
REME, Vo Y72y NEAEENBLOZNRD dhkd o7, UEORE & EEMPBE £
LERED GH B8 4&EBRTY v/ oBkidil, ULicEWLBE 8 LT TRERP RV 0 LEZ 0
5. Ll GH BEA%2HT 2 BHIAORBE LI EEE B JIZTTaESRBINS .

Key words pituitary human growth hormone, recombinant human growth
hormone, lectin-activated lymphocytes, cyclic AMP, calcium
ion channel

EENSIBRM & RERFEOHEREFRMEE %2 H
BERLEYHE MY L SBROREEE L BETE T
FREBIIZLLEBEINTLE™, KEKRLE

oY 38Rz GH B sHEERA % b 2o &k
V>33 phytohemagglutinin (PHA) #i T 0 THIK 1z 2
0= EEET 5 L WEL 27 £ 72, Thieriot-

¥ (growth hormone, GH) & V) > /8%, ®E% & O
#EMHY, GH RZ~» A TH3 Snell-Bagg = 212
BUBREFRSL LTHESNLY. EMzBLTI
ICHBRENCRE 2 SN TES D, Astaldi 5%,
BEFOL M) o o8BkiIC GH 28, FHRILRR &L 725
LI 851U 72289, Zhicstl, Mercola & i3 fE#]

Prevost 5k GH i3 PHA TCHE ah 3 Y o/ SBREHM
WS HEBERIZE RV ERBRT I T3 F72,

Kiess &9, Schimpff 5@ i3 GH 1K # ) > /S5
(peripheral blood lymphocytes, PBL) 2 Z8H 7% fl| %
ER £ Kz L, [*H]-Thymidin ([*H]-TdR) &8 % T
EX w225, PHA ®l#To PBL cxfL Tk GH 12

Abbreviations : cAMP, cyclic adenosine monophosphate ; EDTA, ethylenediaminetetraa-
cetic acid; FCS, fetal calf serum; GH, growth hormone ; IBMX, 3-isobutyl-1-methylxant-
hine ; IL-2, interleukin 2 ; LAL, lectin-activated lymphocytes ; NHS, normal human
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[*H]-TdR EWEME T2 LW|EL T2 BEDE
542, GH 8 XiZ$Y vsBRo XL, HE~OR
CELTORBRIRIEHKE -SSR THEL. INETD
R4 FEARH E FRESR L E > (pituitary human
growth hormone, p-hGH) #AWTH Y, @ % D R
H—Ehek(EBE LT GH LAOHEMORE
BEZBND. ¥, BiEA D, GH @RREFTOD
BENS, AMROSKES, BRCRSND L ORE
B ENVEEKET, XHTCGHDY > RN
{v,, WHEwREZTERSEDbLNRS I ICEHT.

SEEEFHREE PRER LV E Y (recombinant
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Fig.1. Effect of various doses of p-hGH (O)

and r-hGH (@) on [*H] -thymidine (TdR)
uptake in peripheral lymphocytes (PBL). PBL
(10%cells) were cultured in RPMI-1640 medium
containing 10% FCS with 0-1000 ng/ml hGH
for 96 hrs. Twelve hours after addition of
2%107*Ci of [*H]-TdR, cells were harvested
on glass fiber filter and radiocactivity was
counted. [*H]-TdR uptake was expressed as
cpm/ 10°cells. Vertical bar, mean+SEM of
quintupled samples.
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1. EREA

BEFERE FEESRVE Y (-hGH) & LY-1379.
98 (Ely Lilly, kE), TEAE#EE PERERVEY
(p-hGH) & Corpormon (B#HLEF, HF) 2w, 2
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WL, NFa—71210ug OOAEL —20CTHRE
RBELL. LECHLCT, S, b L EERT,
FrEDBECHRL TR,

1. fERAMA

R JCRB #ERE <> 7 B3R D, & MEMEH
MEIE L DL Sh- BlfERO IM9S &£, Aty
v oSHEBIMRS & D BR(E R v THIR®R O MOLTA %
Hu, #h7h, 10%0IMRTECLEL 28R IE4 I
¥ (fetal calf serum, FCS) #& ¢ RPMI 1640 5t
(Gibco, KE) 2w L L, 5% CO.KHMT, 37C
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Fig.2. Effect of various dose of p-hGH ©

and r-hGH (@) on [*H]-TdR uptake in
PHA-stimulated PBL. PHA was added to
incubation medium at a concentration of 4.8
ug/ml and cells were processed in the same
way as described in the legend of Fig. L
*, p<0.05 VS. control by ANOVA followed
by Scheffe’s multiple comparison procedure.

serum ; PBL, peripheral blood lymphocytes; PHA, phytohemagglutinin ; p-hGH, pituitary
hmnm1g0wﬂ1hmnmne;PRL,mnhdm;rhGH,rammbmmnlmmmlgmwﬂlhmmmw;
RIA, radioimmunoassay ; SAC, staphylococcus aureus cowan; TdR, thymidine
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BERRAOEREL D~ U o hnEEmm L, Ficoll-Hypa-
que EEAVTEL. MIROEFLFMIE, trypan
blue BB ENITBLULETH 5. F, May-Gru-
awald-Giemsa JefaTld, 5~8 BDOHEKODEALR
pits, FHEIZ2RUTTHo7.

1. R Y Y ASERETLY 2 F UEMELY v 98K
(lectin-activated lymphocytes, LAL) iZ & i& ¥
r-hGH, p-hGH D EE

Kiess 5D FHE M- TERER T /2. Al H
PBL B AFELLEE2IToEE L MILE
(normal human serum, NHS) 10% #% & &+ RPMI-
1640 1= 5%10%cells/m! DB E THZE 2 ¥,
96wells @ Flat bottom plate (Corning, E) 12200
pIO0AE L. r-hGH, p-hGH % 2h Zh 0~1000

1401 o IM-9 *

% increase

(*H)-TdR

-
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Fig.3. Effect of various doses of r-hGH on
[*H] -TdR incorpolation into IM-9 (@),
MOLT-4 (O) and PBL (A). 1Xx10*cells were
cultured in RPMI-1640 medium containing 4%
FCS with or without r-hGH (0-1000 ng/ml) for
48 hours. Three hours after addition of
2X10"*Ci of [*H]-TdR, cells were harvested
on glass filter and radioactivity was counted.
Values are expressed as per cent increase from
the sample without hGH. Vertical bar,
mean+SEM of quintupled samples. *, p<0.05
VS.  control by ANOVA followed by
Scheffe’s multiple comparison procedure.

ng/ml OBBETINZ . 7z, LAL ~NOEH %
MEt L2 B2 D w T, PHA (Gibco) 4.8 g/ml %
FEFZ ML 72, 5 % CO. KM T 3T CTICHFRIRTE L
72 ® B [ Methyl-*H] -Thymidine ([*H]-TdR)
(Specific activity: 6 .7Ci/ml) (New England
Nuclear, #[E) % 2x107*Ciicfnz , 12KR@EL 7-
M B, Glass Fiber Filter Strips PHD (Cambridge
Technology, Inc XE) LicED, B> F 1L —
varyhwr s —LSC-700 (7 v, WER) THRETHET
HrHELL. BRI L12MbEDOI Y >
(counts per minute, cpm) ® F ¥l + {E B/ &=
(meanxS. E. M) T&RRL:.

2. Ti#ifask, BH#fEtE D DNA K ki
r-hGH D

THkE L LT MOLT-4, B#fifgtcx L IM-9 2/
Wi, MilgixzhnEnh, 4% FCS & & RPMI-
1640 ¥#ihic TEEMRE, 5X10%cells/ml o HRE 2 ¥,
0~1000ng/ml @ r-hGH # il 2 96wells flat
bottom DHEFE L — 2200 TOHEL, 37°C,
5% CO, [AT C48msRZ#E%, [*H]-TdR 2X10°*
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'f ® GH 0 ng/ml
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Fig. 4. Effect of 100 ng/ml of r-hGH on [°*H]
-TdR uptake in IM-9 cells under various FCS
concentrations. 1X10*cells were cultured in
RPMI-1640 medium containing 0.25, 0.5, 1.0,
2.0, 4.0% of FCS with 100ng/ml of r-hGH or
without r-hGH in the same way as described
in the legend of Fig. 3. *, p<0.01, ** p<0.05
compared with the group cultured in RPMI-
1640 medium without GH by ANOVA follo-
wed by Scheffe’s multiple comparison.
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Ci #M0zT 3EFRIME L 72D b Glass fiber filter £
wED, kY FI—v ey Ay s — THATRE
MOBEET- 7. #E1X r-hGH Ong/ml @ [*H]
“TdR EERE #100% = L, r-hGH ®mingo [*H]
.TdR ERE*HHAETHRLL. PBL © [*H]
TAR WL HSETHE L. 72, IMIMETE
FCS BE®0.25~ 4 %DM TELEETZELED
[*H]-TdR BEEDZ (% GH Ong/ml, 100ng/ml ©
BRIz DWW THRET L7z,
3. GH Z& OB
FAY > 8k, MOLT-4, IM-9 #FwT, GH 2%
EEFO», GH o= E@tew s s [
.GH :3¥:48%% GH 2BV, WEmEhmEERL
7> . IM-9, MOLT-4, PBL % , Hepes-Lymphocyte
buffer (50mM Hepes, 120mm NaCl, 1.2mM
MgSO,, 2.5mM KCl, 15mM Sodium acetate, 10mM
glucose, 1mM ethylenediaminetetraacetic acid
(EDTA), lmg/ml human serum albumin, pH7.0)*T
e L 7o, WEERIC 5% 107 cells/ml THEEFES
%, %~0.5ml %, radioimmunoassay (RIA) A
assay tube 13X75mm (¥ F /¥, KBR), waEL#E
E#o r-hGH % 0~1000ng/ml OEKBETIX
7-. 30°CTHE, BRL NS4 5RMKREL &
[=1]-GH (1004 Ci/x g) (New England Nucleaer)
250pg/50 1 1 buffer 2Nz, FEiZ30°CizT1. 5 ] g
BL%. RiGEki3 k& L 7z Hepes-lymphocyte
buffer % lml MAWBPTH I LT, ¥4 70T
# 2 —7 (1.5ml) (Eppendorf, KE) 0.7ml I 2534
L TOMY micro centrifuge MC-150 (b ¢ —#T, ®
=) «2C 2000rpm, 1AMEOL. EEEESIERE
L, EEwdEL: [P1)-GH oEgrR/NETo7
DI B L CF = — 7 O LIV L 7. B
EERE A — Y A Ay F— ARCH00 (7
o) TEIE L. #RiE, r-hGH Ong/ml O REREIC
et [P1]-GH oy > MU T 3 H4ET
#RL.
4. IM-9 ® cAMP BE4£EEE
¥eie L 2% 1x107cells/ml % RPMI-1640 =51
\ERE S B BRI 1 ~1000ng/ml ® r-hGH L[
Bz 74 A7 274 AT 7 —YOBEEEHESH L
LT 3-isobutyl-1-methylxanthine IBMX) (Sigma,
KE) 0.5mM ®inz, SCCTHREL, BRI 2 RH
$T100.1 0 (@RS E LT 1x10°7) 2B AR
L7 RIA BF 2—7 (13X75mm) (¥ % / ¥) 3E
L, EHic900u ] OFRGAE N A M EERL LES
® cAMP #E% YAMASA Cyclic AMP Kit (Y~

g, FE) FROTHELL. FHEER:LT
CAMP MR ORI ZE R R L 725, cAMP g
£8i3 IBMX HmIIE300TRE LR D, HUEk, @R
L7:7:%, r-hGH WO cAMP EAEOMF IR
EBRIAEI0A TITo . BRITHAE 1 X10°7 K200
cAMP E4E% p mol HTHERRL:.

5. #ikaN Ca BEOHIE

PBL, Xix IM-9 #ifg®» RPMI-1640 2Z#E¥ 3ml
(5x10° % /ml) 1210 g 1 Fura 2-AM (ImM) ¢
Mg** (ImM) # & VU >~ B4E £ & (phosphate
buffered saline, PBS) 2ml 12 f8&& L AIE W H Wi, #
#1213 r-hGH 10ng/ml, 100ng/ml, Staphylococcus
aureus cowan (SAC, 0.01%) #¥mL, HiEA
Cat* BEOELEHRE L. WERDIHEE
RF-5000 (&8 7ERT, 5UF) % v, BIEHER 335mm
(Ca** &) & 362nm (Ca** Bl OBELORLE
500nm DHENETEAL .
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Fig.5. Displacement curve of [*I]-GH by
unlabelled r-hGH in IM-9 (@), MOLT-4 (@)
and PBL (O). 2.5%107cells were in cubated
in Hepes-lymphocyte buffer with or without
r-hGH (0-1000 ng/ml) for 4.5 hrs. One and
half after addition of 250 pg of [*I]-GH,
duplicate 700 x 1 aliquots were taken into a
microfuge tube and contrifuged for 1 min.
The radioactivity in the pellet was counted,
and values are expressed as per cent decrease
from the sample without r-hGH. The conce
ntration of 509 inhibitation (ICs) is indicated
by arrow.
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. GH #5825 5 K5

1. GH ®EHhoRBnElt

o R

BALpiERICETE, BRIIAENE, AESOD
[HmuefE — 2 MR AE] LIT, EMEREEL 5cm LA
T, BES/BEFLOBLUT TEEHU LD GH 4
WHESAEBEREITL, GH OBAM$EE Sng/ml LA
FTrgsl, » OREKICHAERTETH -7z GH EE
) FEGENAELTZE2MRE L.

ho¥.

KWMPORMBME, ~ESOEy, Nv+bo Uy
b, EmBkE, mAMVMEE, Giemsa Ffiz Xk 2EEMMm
Yl b, IFRER, U SBROBEARERITL.

2. MlEEE~—» —ORE

i R

GH iz & 2 i EP O T HRMEM/NAELG, 5 —7F—
FEREES B, B CIEESRE/NELIFERE L.
GH #58130.4~0.5U/kg/B8 CH S MBI TEEKE
INNEEIR 3EERAE, & —F—ERERIE 1 EMTHS.

5 ¥

Byo— U PkESEEEERE (Ortho diagnostic
system Inc, KE) k- THERBRL-XKE~—H —
cD2, 3, 4, 8, 16, 57, Ia % Spectrum Il

60IBMX
l

40

pmol/10° cells

20 ¢

cAMP

0 5 15 30 60 490 120
Time min

(Ortho) #FH V7 a—H 4 M2+ ) —~THRET L.

IV, HEt2annig

BoNLEEE T T FYE+ EHEE (mean+ S.
EM TRLE. ZHEHOFEHECOEZEDOKREIZ I
Student O t RE£ LV, SHEOFHEOEDOKRE
213 —JCECE BT Scheffe REIZL > CTHEE
DOWEEIT-7z. B, BEES REUT 2HEHENIC
FEEZbDELL.

54 #®

I.r-hGH & U p-hGH KB » "R KIFTT
e

p-hGH Z##T o PBL @ [H]-TdR &b Z &l
3823+ 87cpm~3584+57cpm T p-hGH #HiNE & 0B
FizRosnd, FEELZ» o7 (M) r-hGH HE
TTn PBL @ [HY-TdR BEADEE S 2272+299
~1520+181 cpm T r-hGH BE Oz —FD1E
HREEERED SN o7, PHA BETIZB T
% LAL o5 5% GH o8, p-hGH TIHEK
EH W IE] % 21766030+ 2382cpm 551900 + 2440
cpm N21%DFABE SNzl , r-hGH T35
3219+2023cpm~58100 = 631cpm DRIz SHL, HE
HEELVEEZ VR Shkb o7z (M 2).
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Fig. 6. Effect of GH on ¢cAMP production in IM-9 cells.
(A)Time course of cAMP production in IM-9 cells. 1X107cells were cultured in
1 ml of RPMI 1640 medium with 0.5 mM of IBMX. At 0, 5, 15, 30, 60, 90 and
120 min., 100« | of aliquot was removed to other tube, and cells were lysed by

addition of 9004 | distilled water.

Concentration of cAMP was measured by

RIA, and values are expressed as p mol/1X10°cells.
(B) Effect of various doses of r-hGH on cAMP production in IM-9 cells during

30 min of incubation period.
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Fig.7. Effect of r-hGH, PHA and Staphylococcus aureus Cowan
(SAC) on intracellular Ca concentrations in IM-9 (upper panel) and
PBL (lower panel). 1.5%10°cells were cultured in 3 ml of RPMI
1640 medium, and 2ml of PBS containing 1mM of Fura-2-AM and
1mM of Mg was added. Excitation wave lengths were 335 nm
(bound Ca**) and 362 nm (dissociated Ca**), and changes of
fluorecent strength were measured by fluorophotospectrometer at 500
nm.

[Ca* i], intracellular calcium ion concentration.

Tablel. Changes in blood cell counts in patients with pituitary dwarfism and
Turner's syndrome during 3 years of hGH therapy.

Before 6M 1Y 2Y 3Y
(n=17) (n=12) (n=14) (n=12) (n=10)

RBC X 10‘/mm® 478+11 43710 44416 455+9 464111
WBC /mm® 8847+603 6508646 8079887 7250739 6160£553
Hb g/dl 13.3+0.4 12.8%£0.3 13.3%£0.2 12.9%0.3 13.2+0.3
Ht % 41.2+0.9 37.9+0.8 38.2+0.6 39.1+0.8 40.1%1.0
Plats X 10*/mm® 31.7+2.4 27.8+1.6 31.9%+2.8 31.7x£2.5 30.3%1.8
Neutro % 49.2+3.2 54.8+4.4 44.8+4.5 54.9%2.7 45.6%3.6
Lympho % 42.942.9 37.9%3.4 42.8%3.4 34.3%£2.2 44.8%3.8

Values are means+S.EM. RBC, red blood cell count; WBC, white blood cell
count : Hb, hemoglobin concentration ; Ht, hematocrit ; Plts, platelet count; Neutro,
percentage of neutrophiles ; Lympho, percentage of lymphocytes
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Fig.8. Lymphocyte subsets in 19 patients with
pituitary dwarfism (&), 5 with Turner’s
syndrome (XN) receiving long-term hGH
therapy, and 11 normal age-matched children
. * p<0.05, **, p<0.02 VS. controls by
ANOVA followed by Scheffe’s multiple
comparison.

I. T#IMa%E, BHAMBROMABICNT 28
THKHRO MOLT-4 T [FH]-TAR D & H Z 413
r-hGH 0~1000ng/m]l OFEMTREL HE LRI 4
»otzhs, IM-9 TiX10~1000ng/ml & r-hGH HINT
[*H]-TdR #E1323~30% Dm%zE R L 7z (X 3).
IM-9 DHIFTETEARICHE T 5 r-hGH DRIEHR %
FCS DBEW & 2E b L L (K 4). FCSix 1%
UEDETEMTEBE L EERESREE2RLL. —F
r-hGH 100ng/ml QWM £F D FCS #WET [*H]
“TdR XD A A 2HEH L /-2, ZOBWEIRITIFFT
2% FCS D%hRIzILEL 7.
Il. hGH &% > DNA SHOBE
GHZ#EOEE - [*H]-TdR BREOMBFRE A2
feiz, IM-9, MOLT-4, PBL # B\ T GH 0™ &
BeewTHhs [P1]-GH OSSR B2,
IM-9 ix GH 0.1ng/ml FET T, 106. 7% DBKREE
BRL, DBEBEREECERERETLL (M)
GH1000ng/ml AT IZ 81T 2 S ROE S EEIE
D53.2% TH -1z, [#1)-GH & IM-9 D& £50%FH
73 GH BETH 2 ICuld Sng/ml Tho7:
%, PBL, MOLT4 i3z 7= ["™1]-GH 0##H v > b
B02.7%, 2.6%DIBRMNBENRED SNIOAT
59, GH ZHEEIBELE LR WESHIFL 72,
V. IM-9 12535 cAMP 412X (FT r-hGH o
.2
TAA7 5T 4 LAT 5 — ¥ DIEBHHEER & L 0.
SmM @ IBMX Z#&MUME 1x10°% %20 o
CAMP E4£BE®HE L. 27, PHREBRLLT,
cAMP E4LBORERERE/LEANL . cAMP &
IBMX SII300 B BEE L 2 b, MUBERL:. o
DEEL D, IBMX ¥RII305#%D, cAMP B4 & T

rhGH OF# & T2 L7 (6 -A) 0~
5000ng/ml @ r-hGH £ 0.5mM @ IBMX #i0L 304>
#®OD cAMP E4EIZ, 50~58pmol/1 x10°cells Tl
EEREHENLEZI SN IEHN RO DATH
D, r-hGH iz IM-9 ® cAMP E&I3EEs28 L1
BRWIEMNHEALL (B 6 ~B).

V. #ilay Ca BE~0LE
THREERFTH 2 PHA Iz < PBL i
+76nM D Ca BELEMR SN0, BHKRTH 2
IM-9 O#IFIA Ca BECREELL-L IR
7. —7, BMIEWMEEF TH % SAC HMTE
IM-9 ofilgN Ca & 16nM EH UL, LaL,
PBL, IM-9 #1210~100ng/ml @ r-hGH #silicat L
TR Ca BERELERSZ»-7 (®7).

VI. GH 5 2E0RHMEFNEE

GH #FRBEPOTEEMNAIE, ¥ —F —fEEEE
EXERE LT, GH REHFAHT, BR¥E, 146, 2
£, SEBORMIRE, ~ESvty, Avr27 0y
b, BmERE, MRS, M LEoFFEk, Voot
ROBEBAFEERE LY. BFRICOWTHLEELLE
BRoh ol (F1).

V. GH #5%8%n PBL ¥+ 7+t b ~OHE
GH WHEF O T EEMENAELF, ¥ —r —EER
54, ERENB/ARIANCOWT, BHEROEHEE
EigT GHOERZMRETT 20, Rit) ¥ 8RO
RE~—A—&REELR (®8). FTEEMDAETR
WNHEELEEOZR AL, ¥ —F—EERH T CDI6,
CD57 b ¥ r#i ERERMNR . LAl v—
A—0OWELE GH REMEEL: 3Ez shikdoTz.

& &=

RERFHEBOER 2 RE, X GH HLET
HBZEXOLTREMEEFTLELTEHL DR
E0bhs. ThbbOMETTAOMBROREEICEL &
ZT GH oFE?®, QRBEF 2 HER L 72 TEEKYR
v 7 AL GH 85 21To £ ZA2RBROEENR
sniY, @f GH Mk 51 & > THIRER K %
o - AEBEMRBESHIA LY, @9E~7 212 GH
BE55{Totz e ZAEBEMBEHO BHERIEME -7
FriRfEL tHER L /20, ®RPENMERILEH O THIRE,
Biiftott =iz GH »nEE %725 L1, ®GH,
prolactin (PRL) ZFAS €z &t L T bromocriptine &
BT 72 Be= 7 212 dinitro chlorobenzene ##fi
FISOETHESH, »D, GH B &) REEH
EEL 7, QKBROBEET % -7- R T GH {KF M
DHREEENE SN, @ TVART v b TTEEY]



524 #

Brizk ) NK HifRiEHEOET 2 bz L™y
DHRENH S .

LalErEB0TR, B r~7o7) YIE%:
o KEMED GH RIEED THEHY, GH R
ataxia telangiectasia, X-linked hypogammaglobul-
inemia® LIS ERSFE™ BEH L 12 L D ELHIFRSE 2
BRah3d, GH & RERE L OFICEHEIRIRE
FARENFNL LS, BRMICIRERBHRLT
T,

—%, RBENTIE, GH #hB#®. 8L U
somatomedin £ 2 B OME L > WA 2 S 1
Twa. (Db MRS, =7 b ) RS SE R
somatomedin FHET T217 2%, @)t bEIRAK
gyt GH Bz & D% KL 7z, (3)Snell =7 R
Tk GH %51k V2D DNA, ZEHERMBEL
7o wEORENDH L. MERAOMEBTIE, GH Y
CBRIBREER R E b6 L T2 Astaldi
SO|ME BHD L LT, EFE b Y oogRmom-a
THIMEE A MM, FREMRS, RIFHRME™, &
ZROVTRESZENTHL S, £/, IMIMEYeL
MRBEEHRPIC GH L 2 7y —DHEET 2 Z L08R
E3hTBY, EB 74 L AREMEEMHKIZS GH O
ERBo e, HHWIRT - BHEAMKR
GH iE&tEizgso v a8, Insulinlike growth factor
] BEREOL2MBIBHEECRDL?, LORED
Hb. IheDI Eid, Yy HROMERRE GH 28
AoLOBTCHEL T3 I LE2RBT2H0THS
2, RREEOHE» SHRT 2w b 5E3NT
WAEDBEETHS. £, ZhSOHEFVTRY
phGH itk 230D THD, r-hGH DV >/ Bk IZ
WTaHEBIERIELACRE I TR L, £
7z, GH OfEASEIC b 2 RO R {EME
DEFTVEEZREEINTWS.

SEELBULORELHE E 2 T, r-hGH OFFER
Rierrb2@AFEOWTHRE2HE A%, p-hGH %
Auwi#E Tk GH »FERIEBERE L /25 L™,
HEWIELEERVW L INILLERND D,
g7, PHA RIS X 2V > SERIERE 2 FI80" % 72130
HT2M L WIERND L. RIRMEZLMEEO GH
ZREOEFEEZTD LD HMEDTH 558, Kiess 5D
WMEYTI MY ABERTIZ20°C 8 ~ 168 O ME %
T2 T LI D RBEZMER () ok BRkE S
) icd GH uRENHE 2 RT 2R 2 REs ¥
LT3, HUTHBEROEFEER, HEOREE,
AR, AIERGOMGE, 5513 GH BELARK
B 2AorEERFOBAORENEZLNS. L

»L r-hGH 2Bui:HEE, b¥»i, Hakzn
41 % —ua4 %> 2 (recombinant interleukin-2,
rIL-2) BB & 2 U > SERIEHE I L T methyonyl.
GH (m-GH) 84 HHMEE T A FRE2 Rz,
DoREWIBESOWMENIC L Y3, 4@, ¥
51%, methyonyl #% ¥ 7% \» r-hGH & TEMARhn
%A T, PBL wkizd GH OfFR 8L
2B, BEOHRELIZIERL D, liRLAEES 12
r-hGH, p-hGH #iz V) v SBRIETEIC N T 2 B8k
ol PHA BB &5V > SBREREIIN L T i,
r-hGH BER #RiF& o738, p-hGH 3E B
IhxridL: @2). ®BFED, phGH ko7
[*H]-TdR $#B2MEEL 7z, H3id LAL wHtL T
p-hGH #¢ [*H]-TdR #BEEIH L 72 &\ 5 #4593
w3 d Roos B THREE N/ phGH #AwTs
b, —7, EEL A7 Corpormon i Raben &
TR EN%, Roos B THEHET--HDOTHE
BBRBOMEENERCEE LB LT L WS
%. %7z, r-hGH »* PHA #I¥(T® PBL %R %
bleod&hotl i, 1 v —u4Fr2
(interleukin-2, IL-2) 73 PHA ORIBER 2 H AT 25
DHERESOERY LIIFFEL 2. r-hGH 2wt
13198240 Kabi ff (R 7 = —F ) @ Somatonor-
m DIRELBMHELIN TR T KBEERER
REOEE, MORTFOEEIIZLALERLESY
DTHAIH. E5IZTHME, BMcxd 2 GH #¥
ER ZEEMEEF L L LTRE L. BiifgeLT
B T»s GH REROEFEEIEHE ATV S
IM-9 ZFEW7* THRED MOLT-4 ioxt L Tidkl
BERAEZHREL o208, BHMIRERD IM-9 kxxiL
Tl 100ng/ml DEE % £~ = LT DNA &FME
Eahi (M3) ZoERII GHEZREOEREICLS
boEEzZ5ND. HlEECLERE TORREF
2EEFT 5 FCS S EEREMN ICEE 2 HMEEEFR
ERTORNL GH OREZIEIEE THI0%OHE
BIZIEE 577, 2O GH 289 v oSBRIEREIC HER
HFTREBHETTH2IELE2RTIOLELS
N5, iz GH RISHEF I D » TRETL 7. fifics
B EREERIEREEDE L BT 2 MEERE
Brofaroliiahd. IhsDFEREEDER
WIEECRE_EB2EAT s 2L/ vfllaEA TR
B, BRSNATHIENZRA v > Y vy —IELH0
3. BEZRAvEYYr—LLTRO7F=V -1
V75— VEEERQT F2r— by 5 — 2R
@4 /v b=V v EERBEE~ Ca BEROA
/7 x TEEROF ULy FF—ERBHLNTY




Uy SRR RIZTRERLE Y OBE 525

5. LoL%zpssd GH LTk GH o GH B&1&
EELBOFHRTMHEL S THTHE . 22 T
WiEER e LCOMAZA Ca BE L cAMP B4R
suwtToOFER, GH ZHG 2R L ET 2
M9 B EFLE LTHET L. —f1Z cAMP %7
ZANEYTCRZOEENBRBEEULETH 52
IM-9 @ cAMP EE4iCik r-hGH BT BEBL B LI
w0t (M6). o>TGHDIRA v Y Y v —
WFPFZV =¥ 277 —EENL TS L ZH
2

WA Ca*r 3T X TOMIIZBVT0.1x M WH
OIFBED VANV EINTE DN Catr BE
DERRS MR CEBRBEEOEEL 2 sE ¢
ERE 2 Y. 2ITHEA Ca BEOR 21T-
7=. PBL 1 PHA XL, IM-9 {3 SAC izt LEH S
ik Cat* D EF%ERL 729 r-hGH 13HIBEA Ca*t i
BriEBENZHET b o8 ko (A7) LT
BT, TORLEFET24 /v =LY Y EROHE
EyBEEHTH B . SEZOMOEERBII OV TKR
KR o7 GH B4 CeRHINTHLEF
FRESEBSIEKRAOBREET 2, HBH0IRY
YREMEER VSR Z L GH OBREERTE A
REIZTEBRETNVELTCTRHEYTHA2OH LN
ZW.

BRICESN B 2 RENLZER IOV TR 2
Mx 7=, SEMIZES GH #5413, sRiBks, S
B, ~E70by, A b2V b, IVMRE, I
B EDIFPRREAIE, VO KESRICIBEEES
Zigdrotz. iz, VU SBREREY—H -2 b GH R
EpResgErRahdroiz. GH KIBEZBORE
REOBF DL TIIOMEY:, WHERENSTEE L L
CREETH- ™ @QGH BET—BROE (24
U™, @GH RIEBETFF 2707 —FMHET
ERDL®, OGH OEEN L RERE~OBE IR
Hhpok® RYroWMENRELINDE. RL ORED
5, HRER T, EERBY > BRIcid 3 £HE
O GH #5132, MmN 2B 2 aTgEit
¥4 <, % r-hGH 02z, p-hGH L0 Ed
BouboeEzon3. LhL, GH BREEET 2
IM-9 it L TR —EDEMFENEEE DI L
B, REME 2 I0ERED GH &5 1\ 50 0F
T, EBMEROBIEATRE 2 BT 2 TN TEH
Fizs,

i
1. r-hGH iz PBL, T#if% MOLT-4 © DNA

E 3

BRICEEL B XIRX ol

2. r-hGH 13 s B ER £ 4 D
hGH ISt OEFE2EEL T A LEESNS.

3. BEKN GH 2F6&2E T2 Billt®k IM9 Ti2
10ng/m! LAk r-hGH T DNA SR EF R
il

4 . rr-hGH © DNA & @ #E% £ & cAMP,
Car* EERENE L.

5. GH RERSEBREZETORE» S, 4BNED
GH #5» Miia oMbz e s 5 2 2 ATRE]
A

£ &*

RERADICES, MBS EAKMERD £ L2 RO
BERICERESIHTER LT, - RAEBEEEEEE
ELER REBBCO»SBEML ET. e TRPFE
BT HER2EM N2 2 L2 NRRIRAW S v— 7, i
VHEROERIIERBEL £ 7. BREEAFED 120
CEBEZMAEKERE LU CIES L JCRB Ml 0 7ol
pOERLRL B R T,

LB, FRNOBERBELERRNEARNSWFER (BAE
B, 1988) = THEL:.

X [

1) Maraz, A. & Petri, Ildiko: Inhibition of
lymphocyte DNA synthesis. Lancet, I, 212 (1973).
2) Snow, E. C., Feldbush, T. L. & Oaks, J.
A.: The role of insulin in the response of murine
T-lymphocytes to mitogenic stimulation in vitro.
J. Immunol, 124, 739-744 (1980).

3) Snow, E. C., Feldbush, T. L. & Oaks, J.
A.: The effect of hGH and insulin upon MLC
response and the generation of cytotoxic lymphoc-
ytes. J. Immunol., 126, 161 (1981).

4) Souweine, G., Danel, L., Costa, O., Tubiana,
N., Martin, P., Monier, J. C. & Saez, S.:

Effect of physiological concentrations of sex
hormones on the formation of <arly» sheep red
blood cell rosettes by human lymphocytes. Possi-
ble relations with the presence of sex-hormone-c-
ytosol-receptors in lymphocytes. Biomedicine, 33,

150-152 (1980).

5) Van-Buul-Offers, S. & Den Brande, J. L.:
Effect of growth hormone and peptide fractions
containing somatomedin activity on growth and
cartilage metabolism of Snell dwarfmice. Acta
Endocrinol,, 92, 242-257 (1979).

6) Astaldi, A. Jr., Yalcin, B., Meardi, G.,



526 "

Burgio, G. R., Nerolla, R. & Astaldi, G.: Effect
of growth hormone on lymphocyte transformation
in cell culture. Blut, 26, 74-81 (1973).

7) Mercola, K. E., Cline, M. J. & Golde, D.
W.: Growth hormone stimulation of normal and
leukemic human T-lymphocyte proliferation in
vitro. Blood, 58, 337-340 (1981).

8) Thieriot-Prevost, G. & Schimpff, R. M.:
Mesur de I'incorporation de thymidine tritiee dans
le lymphocyte active et activite somatomedine du
serum. C. R. Acad. Sc. Paris, 290, 527-530 (1980).
9) Kiess, W., Holtmann, H., Butenandt, O.
Eife, R.: Modulation of lymphoproliferation by
human growth hormone. Eur. J. Pediatr., 140,
47-50 (1983).

10) Schimpff, R. M. & Repellin, A. M. : In vitro
effect of human growth hormone on lymphocyte
transformation and lymphocyte growth factors
secretion. Acta Endocrinol., 120, 745-752 (1989).
11) Watanabe, S., Tsunematsu, Y., Fujimoto, J.
& Komiyama, A.: Leukemia in patients treated
with growth hormone. Lancet, I, 1159 (1988).

12) Eastman, R. C., Lesniak, M. A., Roth, J,,
De Meyts, P. & Gorden, P.:

receptor by homologous hormone enhances

Regulation of

sensitivity and broadens scope of radioreceptor
assay for human growth hormone. J. Clin. Endoc-
rinol. Metab., 49, 262-268 (1979).

13) Pierpaoli, W., Fabris, N. & Sorkin, E.:
Hormones and the immune response. In Wolsten-
holme, G. E. W. & Knight, J. (eds.), Chiba Found-
ation Publication, No. 36, 1lst ed, pl26-153,
Churchill, London, 1970.

14) Pierpaoli, W., Baroni, C., Fabris, N. &
Sorkin, E.: Hormones and immunological capac-
ity : II. Reconstitution of antibody production in
hormonally deficient mice by somatotrophic
hormone, thyrotrophic hormone and thyroxin.
Immunology, 16, 217-230 (1969).

15) Pierpaoli, W. & Solkin, E.: Hormones and
immunologic capacity.: [. Effect of heterologous
anti-growth hormone (ASTH) antiserum on
thymus and peripheral lymphatic tissue in mice.
Induction of a wasting syndrome. J. Immunol.,
101, 1036-1043 (1963). )
16) Van-Buli-Offers, S., Van den Brande, J. L.,

Dumoleijn, L., Feijlbrief, M., Hoogerbrugge, ¢,
M. & Van de Klundert, P. L. M.: Cellular
growth in organs of dwarf mice during treatment
with growth hormone, thyroxine and plasma
fractions containing somatomedin activity. Acta
Endocrinol., 99, 150-160 (1982).

17) Dumont, F., Robert, F. & Bischoff, P,: T
and B lymphocytes in pituitary dwarf Snell-Bagg
mice. Immunology, 38, 23-31 (1979).

18) Saxena, Q. B., Saxena, R. K. & Adler, W.
H.: Regulation of natural killer activity in vitro:
III. Effect of hypophysectomy and growth hormone
treatment on the natulal killer activity of the
mouse spleen cell population. Int. Arch. Allergy
Appl. Immunol., 67, 169-174 (1982).

19) Forni, G., Bindoni, M., Santoni, A,
Bellnardo, N., Marchese, A. F. & Giovarelli,
M : Radiofrequency destruction of the tuberoinf-
undibular region of hypothalamus permanently
abrogates NK cell activity in mice. Nature, 306,
181-184 (1983).

20) Cross, R. J., Markesbery, W. R., Brooks,
W. H. & Rostman, T. L.: Hypothalamic-immune
interactions: Neuromodulation of natural killer
activity by lesioning of the anterior hypothalamu-
s. Immunology, 51, 399-405 (1984).

21) Fleisher, T. A., White, R. M., Broder, S.,
Nissley, S. P., Blaese, R. M., Mulvihill, J. J,,
Olive, G. & Waldman, T. A.: X-linked hypogam-
maglobulinemia and isolated growth hormone
deficiency. N. Engl. J. Med., 302, 1429-1434 (1980).
22) Ammann, A. J., Duquesoy, R. J. & Good,
R. A.: Endocrinological studies in ataxiatelangi-
ectasia and other immunological deficiency
diseases. Clin. Exp. Immunol., 6, 587-595 (1970).
23) Buescher, E. S. & Gallin, J. 1. : Stature and
weight in chronic granulomatous disease. J.
Pediatr., 104, 911-913 (1984).

24) Van-Buul-Offers, S. C., Dumoleijn, L.,
Feylbrief, M., Hoogerbrugge, C., Vandeclundert,
P. & Van den Brande, J. L.: Effect of growth
hormone and peptide fractions containing somat-
omedin activity on growth and cartilage metabol-
ism of Snell dwarfmice. Acta Endocrinol, 92,
242-257 (1979).

25) Thieriot-Prevost, G. & Schimpff, R. M. A




Y URRMRERETREAVECOEE 527

hormonally controlled serum factor stimulating
the thymidine uptake into lectin-activated lymph-
ocytes. Acta Endocrinol., 98, 358-363 (1981).

26) Schimpff, R. M., Repellin, A. M., Salvatoni,
A., Thieriot-Prevost, G. & Chatelain, P.: Effect
of purified somatomedins on thymidine incorpora-
tion into lectin activated human lymphocytes.
Acta Endocrinol., 102, 21-26 (1983).

97) Schimpff, R. M., Bozzola, M. & Zapf, J.:

Serum thymidine activity and insulin-like growth
factors in neonatal period. Acta Endocrinol,, 110,
140-144 (1985).

98) Arrenbrecht, S.: Specific binding of growth
hormone to thymocytes. Nature, 252, 255-257
(1974).

29) Golde, D. W. & Bersch, N.: Growth hormo-
ne: Species-specific stimulation of erythropoiesis
in vitro. Science, 196, 1112-1113 (1977).

30) Lesniak, M. A., Roth, G. P. & Gavin III J.
R.:Binding of ™I-human growth hormone to
specific receptors in human cultured lymphocytes.
Characterization of the interaction and a sensitive
radioreceptor assay. J. Biol. Chem., 249, 1661-1667
(1974).

31) Kiess, W. & Butenandt, O.: Specific growth
hormone receptors on human peripheral mononuc-
lear cells: Reexpression, identification, and
characterization. J. Clin. Endocrinol. Metab., 60,
740-745 (1985).

32) Lee, P. D. K., Rosenfeld, R. O., Hintz, R.
L. & Smith, S. D.: Characterization of insulin,
insulin-like growth factors I and II, and growth

hormone receptors on human leukemic lymphobla-
sts. J. Clin. Endocrinol. Metab., 62, 28-35 (1986).
33) HHEBD, RAAXEF, Bo T, SNEE: K
BALEDY BBEEC RIZTHECOWT.
FREWR, 12, 255-267H, BRBEHS, ER, 1988
34) ATEEELS: HIEEED Ca F v > 2 vk GTP &
EHHE. EEE¥, 6, 1145-1150 (1988).

35) Gupta, S., Fikrig, S. M. & Noval, M. S.:
Immunological studies in patients with isolated
growth hormone deficiency. Clin. Exp. Immunol.,
54, 87-90 (1983).

36) Abbassi, V. & Bellanti, J. A. Humoral and
cell-mediated immunity in growth hormone-defic-
ient children: Effect of therapy with human
growth hormone. Pediatr, Res., 19, 299-301 (1985).
37) Rapaport, R., Oleske, J, Ahdieh, H.,
Solomon, 8., Delfaus, C. & Denny, T.: Suppres-
sion of immune function in growth hormone-defic-
ient chirdren during treatment with human growth
hormone. J. Pediatr., 109, 434-439 (1986).

38) Kiess, W., Doerr, H., Eisl, E., Butenandt, O.
& Belohradsky, B. H.: Lymphocyte subsets and
natural-killer activity in growth hormone deficie-
ncy. N. Engl. J. Med,, 314, 321 (1986).

39) Kiess, W., Malozowski, S., Gelato, M.,
Butenand, O., Doerr, H., Crisp, B., Eisl, E.,
Maluish, A. & Belohradsky, B. H.: Lymphocyte
subset distribution and natural killer activity in
growth hormone deficiency befor and during
short-turm treatment with growth hormone
releasing hormone. Clin. Immunol. Immunopath.,
48, 85-94 (1988).



528 ] 2

Studies on Biological Activities of Growth Hormone. 1. Effect of Growth
Hormone on Peripheral Lymphocytes and IM-9 Cells Makoto Shimizu, Depertment
of Pediatrics, School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med.
Soc., 99, 517—528 (1990)

Key words pituitary human growth hormone, recombinant human growth hormone,
lectine-activated lymphocytes, cyclic AMP, calcium ion channel

Abstract

Recently clinical attention has been focused on the relatively high incidence of leukemia
in children treated with human growth hormone (hGH), but controversial findings have
been reported on the biological action of hGH on blood cells and lymphoid tissues. The
present study was undertaken to elucidate the effects of pituitary hGH (p-hGH) and
recombinant hGH (r-hGH ) on lymphocyte proliferation in vitro and in vivo, as well as
changes in cAMP content and intracellular Ca** concentration, after hGH stimulation.
The results were as follows: (1) [*H]-thymidine ((*HJ-TdR) incorporation into the
peripheral blood lymphocytes (PBL) was not affected by varying doses of p-hGH nor
r-hGH, but under phytohemaggulutinin stimulation, the [*H]-TdR uptake was
significantly suppressed by p-hGH but not by r-hGH; (2) the DNA synthesis of B
cell-derived IM-9 cells was stimulated by 30% over 10 ng/ml of r-hGH, while that of T
cell-derived MOLT-4 cells was not affected ; (3)IM-9 cells had specific binding sites for

[%1]-hGH with IC;, 5 ng/ml, whereas MOLT-4 and PBL had no appreciable
GH-binding sites; (4) neither cAMP production or intracellular Ca** concentration in
IM-9 cells was influenced by r-hGH stimulation, and (5) peripheral lymphocyte subsets
including CD2, CD3, CD4, CD8, CD20, Ia, CD16 and CD57 in 19 patients with pituitary
dwarfism and 5 with Turner’s syndrome receiving long- term hGH treatment were not
significantly different from those in normal children. The red blood cell and leukocyte
count, hemoglobin concentration, hematocrit, platelet conut and percentage of neutrophiles
and lymphocytes did not change during the 3 years of hGH therapy. These results indicate
that (1) remarkable changes in proliferation and differentiation of lymphocytes does not
occur by the physiological and therapeutic dose of r-hGH administration in vivo, and (2)
hGH may modify the proliferation of B lymphoblast expressing hGH receptor, at an
excessively high dosage.




