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Basal cyclic AMP (cAMP) concentrations and the effects of TSH and prostaglandin E, (PGE,)
on the adenylate cyclase-cAMP system in thyroid tumors were investigated to clarify their
hormone dependency, Basal cAMP concentrations in thyroid tumors are higher than those in
normal thyroid tissues. In thyroid adenomas, the cAMP levels and adenylate cyclase activities
in response to TSH were greater than those of normal thyroid tissues, Cold nodule and hot
nodule of thyroid adenomas which were shown by 13 scintigram were both affected by TSH,
It is suggested that defects of iodine organification and hormone synthesis in these tumor cells
are not due to abnormalities of the receptors to TSH, but due to abnormalities of iodine meta-
bolisms after cAMP production, In thyroid carcinomas, on the other hand, the responses were
less than those of normal thyroid tissues. Both undifferentiated carcinoma and medullary carci-
noma failed to respond to TSH. PGE, also affected the thyroid tumor tissue, especially hot
nodules of thyroid adenoma, Other hormones such as GH, FSH, HCG, LH and calcitonin did
not stimulate adenylate cyclase activity in any thyroid tumor tissues,

From these results, it is confirmed that the TSH receptors exist in plasma membrane of
thyroid tumor tissues as well as in normal thyroid tissues, Therefore, it appears that TSH
could activate the growth and differentiation of thyroid tumor through its receptors, except

for undifferentiated and medullary carcinomas. (Received for publication ; April 24, 1980)
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Fig. 2. cAMP concentration in various histo-
logical types of thyroid adenomas
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Table 1, Effect of TSH and PGE; on cAMP concentration in normal thyroid tissues

N"i)a"tfient Basal (10:?1%1}1m1) (55 gG/%l ) | TSH/Basal | PGEy/Basal
Normal tissue 1. 0.13 2.89 3.47 22.2 26.7
2. 0.26 1.05 1.67 4.0 6.4
3. 0.45 3.59 1.35 8.0 3.0
4, 0.19 1.83 2.30 9.6 12.1
5. 0.41 0.98 1.42 2.4 3.5
6. 0.30 1.10 3.26 3.7 10.9
7. 0.29 4,64 1.54 16.0 5.3
8. 0.66 2.59 3.50 3.9 5.3
mean 0.34 2. 33+* 2, 31%%* 8.7 9.2
SE 0.06 0.47 0.34 2.5 2.8

p moles cAMP/mg wet weight
These values (mean+SE) were compared to basal levels : # P<0.01 ***P<0.001

Table 2. Effect of TSH and PGE, on ¢cAMP concentration in cold nodule and hot
nodule of thyroid adenomas

No. of TSH PGE,
patient Basal (10mU/mi) (58 /ml) TSH/Basal | PGE,/Basal
Adenoma 1. 0.39 4,14 1.29 10.6 .3
cold nodule 2. 0.29 7.30 1.48 25.2 5.1
3. 0.76 7.78 - 1.40 10.2 1.8
4. 0.38 2.75 4,08 7.2 10.7
5. 0.19 2.27 0.57 11.9 3.0
6. 0.20 2. 80 0.53 14.0 2.7
7. 0.36 4.66 1.15 12.9 3.2
mean 0.37 4, 53k 1.50% 13.1 4.3
SE 0.07 0.84 0.45 2.2 1.1
hot nodule 1 0.06 0.38 0.56 6.3 9.3
non toxic 2. 0.24 2,15 1.04 9.0 4.3
type 3. 0.24 0.45 3.67 1.9 15.3
4 0.21 1.42 1.66 6.8 7.9
5 . 0.38 1.70 3.98 4.5 10.5
mean 0.23 1,22% 2,18* 5.7 9.5
SE 0.05 0.35 0.69 1.2 1.8
toxic type 1. 0.69 0.83 11.80 1.2 17.1
0.81 0. 80 6.21 1.0 7.7
mean 0.75 0.82 9.00 1.1 12.4

p moles cAMP/mg wet weight
These values (mean+SE) were compared to basal levels : *P <0, 05 #* P <0, 01
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WA L (Fig.4), oMb (1660) Tk 0.34x
0.09 p moles/mg wet weight, /(b (46D
% 0.62+0.28 p moles/mg, THb, HiEm (2
#) ¢ 0.53 p moles/mg (EHE) THoToe =
DFER, HMEEC < bARMEE TRER R LS,
HEE I EEEIFED b h o T,

B IEEHURME X ORRIRESARO TSH B &

U PGE( it 2l cAMP JRREO%E(L

TSH 10mU/ml % X ov° PGE; 5pg/ml finesd-3
HIER R R X OCRRIBEE RSO cAMP JBEE
DOEEALA L HERT L,

1 EWFIRE

EREIRIEEM 8 #1 Tix, basal 0.34+0.06 p
moles/mg wet weight ¢Hhb, TSH HEilcXb
2.33-+0,47 p moles/mg +#18.7t% (P<0.01) @
Wik bhic. ¥7z, PGE: FimeTh 2.31£0.34
p moles/mg & #99.24% (P<0.001) o¥mExRL,
TSH &BERABRED G B LA (Table 1),

2 JlHE

IRfiElL cold nodule & hot nodule =43 THEY
L7= (Table 2), Cold nodule %% U7 NgIE 7 FIC
L, basal 0,37+0,07 p moles/mg wet weight ¢
Hb, TSH ¥INcC 4.5340.84 p moles/mg & #
13.1£% (P<C0.01);, PGE, #mic T 1,5040.45 p
moles/mg & #74.3f% (P <0.05) O ELRT.
~—7J, hot nodule 2R LIIRECH, FEHFHFROS
@iy basal 0,23+0,05 p moles/mg ‘T3 », TSH
INeT 1,2240.35 p moles/mg X #5. 7RI HENN
L7 cold nodule =< H~UFE (P<0.05) o1&
FIECtH -tz PGE, FRINTIL 2.1840.69 p moles/

mg L9, SR L, TSH & cold nodule
2 bREBREETFLAE N S.). FERERED 2 6
i basal 0,75 p moles/mg (GEHE) TH Y,
TSH %ine, 0.82 p moles/mg L1 I TIFEA
FHINERE 7t vo fo 4% PGEL IRiNTiE 9.00 p
moles/mg & §#912. 45 F B\ G R bk, 8
VERSTE & I35 BT, -S4 o RERIE 5 flof
o VTR R R fT-7c (Table 3), 2 h b
DEME TSN AL V- B S L, euath-
yroid 1oin o folE e Filie LichS =2— Fikih X
TV, FOREIL, basal 0,34::0,07 p mo-
les/mg wet weight T b, TSH ¥z X H1.00
40,20 p moles/mg L#93.3f% (P<0.05), PGE:
YN 1.88+0.25 p moles/mg & #6.5f% (P<
0.01) MLz,

bl Eo@fiamiEd s basal HE100% & LT
TSH 30 PGE, W5 KISt 2iEmE 37 b
%’

TSH #7cid PGE: FRint§offik-n cAMP & x100

FETINE DR cAMP &

CHLTHERHN T2, Fig. 5 0Z&<, TSHIZ
3 2tk cold nodule FiRTIREARELHE <,
SEWEFERRE, FEh#HR (non toxic type) @
hot nodule, X0 & FYHERRBOIETH -7,
L, shEEMEIRE (toxic type) Tk TSH WH L
12& A ERIESAR LR, ot FUREREE &R
BREL TR L —7, PGE: iP5 Ktk
SEMIRECREDE <, K\ tedehER o hot nodule,
FEEERE, -t FoEERE s X0 cold nodule
OIETHH, TSH 15 Bt & iz ok E

Table 3. Effect of TSH and PGE, on cAMP concentration in Graves' disease
No. of TSH PGE,
patient Basal (10mU/mi) (5ug/ml) TSH/Basal | PGE,/Basal
Graves’ 1. 0.36 0.61 1,76 1.7 4.9
disease 2. 0.59 1.17 1.57 2.0 2.7
3. 0.24 1.51 1.23 6.3 5.1
4, 0.21 0.48 2.67 2.3 12.7
5. 0,31 1.24 2.15 4.0 6.9
mean 0.34 1.00% 1,88%* 3.3 6.5
SE 0.07 0.20 0.25 0.9 1.7

p moles cAMP/mg wet weight

These values (mean+SE) were compared to basal levels : *P<{0.05 **P<0,01

No. 6, 1980
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Fig. 5. Comparison of the effect of TSH and PGE, on cAMP concentration in various
thyroid diseases

Table 4, Effect of TSH and PGE,; on cAMP concentration in differentiated and
undifferentiated thyroid carcinomas and medullary carcinomas

No, of TSH PGE, ]
patient Basal (10mU/m!) (5ug/ml) TSH/Basal | PGE,/Basal
Differentiated 1. 0.34 0.87 0.21 2.6 0.6
carcinoma 2, 0.35 0.29 0.46 0.8 1.3
3. 0.32 0.26 0.73 0.8 2.3
4, 0.20 0.15 0.22 0.8 1.1
5. 0.21 0.39 0.40 1.9 1.9
6. 0.08 0.42 0.22 5.3 2.8
mean 0.25 0.40 0.37 2.0 1.7
SE 0.04 0.10 0.08 0.7 0.3
Undifferen- 1. 0.33 0.34 0.41 1.0 1.2
"~ tiated 2, 0.43 0.38 0.44 0.9 1.0
ci
carcimoma | ean 0.38 0.36 0.43 1.0 1.1
Medullary 1. 0.20 0.15 0.39 0.8 2.0
carcinoma 2. 0.36 0.42 0.22 1.2 0.6
mean 0.28 0.29 0.31 1.0 1.3
p moles cAMP/mg wet weight
Finy N weight T&hb, TSH i X b 0.40£0.10 p
3 HURIRE moles/mg &9 2. 0D IN 23 & B A Q. S.),

CFRRIREED TSH % X' PGE: i35 5L,  PGE: ¥Enc 0.37+0.08 p moles/mg & jfL. 7%
SR X 9 Ric a2t & R 3 (Table 4, 4k MinLtz (N 8.0, —J7, RMLED 2 6l © I,
D 6 FjTik, basal 0.25+0.04 p moles/mg wet basal 0,38 p moles/mg (GE#EME) ¢, TSH IHEINC
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Table 5, Effect of TSH, PGE, and NaF on adenylate cyclase activity in normal thyroid
tissues
No. of Basal TSH PGE, NaF TSH/ PGE,/

patient (10mU/ml)| (5pg/ml)| (10-2M) Basal Basal

Normal tissue 1. 0.13 0.38 0.29 0.51 2.9 2.2
2. 0.03 0.21 0.08 0.31 7.0 2.7

3. 0.06 0.72 0.08 1.08 12.0 1.3

4, 0.06 0.53 0.29 0.51 8.8 4.8

5. 0.05 0.29 0.05 0.41 5.8 1.0

6. 0.03 0.09 0.08 0.07 3.0 1.0

7. 0.13 0. 87 0.17 1.01 6.7 1.3

8. 0.07 0.29 0.10 0.50 4.1 1.4

9. 0.04 0.17 0.07 0.16 4.3 1.8

10. 0.08 0.15 0.08 0.21 1.9 1.0

mean 0.07 0. 37*** 0.12 0. 48* 5.7 1.9

SE 0.01 0.08 0.03 0.11 1.0 0.4

n moles cAMP generated/mg protein/10min,
These values (mean-+SE) were compared to basal levels : ** P <0,001 *P<0.05

T 0.36 p moles/mg, PGE, #inc 0,43 p moles/
mg & ¥ ol RInER SR of. ¥l BHEEO
2%1%, basal 0,28 p moles/mg, TSH #iniz—<
0,29 pmoles/mg, PGE; #n< 0.31 p moles/mg
LSRR RE IR ok,
C IEFFRIRM & X o8 HRIMES AL © adeny-
late cyclase &t
1 IEHERES X OESHGD TSH, PGE: #
Y08 NaF iwab4+% adenylate cyclase fE{:D
2k
Crude 7r plasma membrane # i\, = fLIC
TSH 10mU/ml!, PGE; 5ug/ml, L NaF 102
MEFHENL COABETREHEND adenylate cycl-
ase {EME% HLRR L7z,
(& IEWERIE
EERIR GRS Tik, basal 0.0740,01 n mo-
les cAMP generated/mg protein/10min ¢ 9,
TSH ¥imizC, 0.37-+0,08 n moles/mg & {95, 74%
DRINAERS Bt (P<0.001), UL, PGE: ¥
i 0.124:0,03 n moles/mg & #1.94% (N. S.)
DR ULHHZ SRS, BEA LA TOfSF -
AMP DI SO X 5 B RIS Hh
e ote, NaF 12 0fifao adenylate cyclase
LIREF RN IG5 2% ER PR,
0.48-:0.11 n moles/mg, §#6.9{% (P<0.05) DI
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A& B (Table 5),

() IREE

ik cAMP e & [ cold nodule
Lt hot nodule ATl RE LT, cold nodule
B Lo 6 CiY, basal 0.0940,02 n moles
cAMP generated/mg protein/10 min <h?,
TSH ¥Eimz & b, 2.05+0,63 n moles/mg, $J23.7
&% (P<0.05) DELIEER L e PGE:L #iRINCix
0.12-£0.03 n moles/mg *{H1.3f2 (N. 8.) D{E
[T -tz NaF JRINCIE14. 145 (P <0.05) D X
EaiE bz, —77, hot nodule @ 3 BIErhiE O
Mg 5 lCiL, basal 0,06-20,02 n moles cAMP
generated/mg protein/10min &Y, TSH ¥&in
y=T 0.39+4-0.11 n moles/mg k #7.14% (P <0.05)
DAL RIchs, cold nodule 1T ¢ HABILE
{ (P<0.02) B cAMP BREEOZE(LEF UHR
BB Nh, PGE: #iINTik 0.07£0,02 n moles/
mg L9l A% TH Y, cold nodule LE L X 3 IC{E
RiG% R L1z, NaF #incids. 3% (P<0.05) DK
AR, FREERIEL 16O X THh D5,
bhasal 0.09 n moles cAMP generated/mg protein
/10 min T bh, TSH et b, 1,67 n moles/
mg & 918, 6fF & BRI RD b, MBEH & EH
LTl cAMP RIEDIEEOREKE B L < R
LIERV BB, PGE: IEMNTIE 0.19 n moles/
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Table 6. Effect of TSH, PGE, and NaF on adenylate cyclase activity in cold nodule and
hot nodule of thyroid adenomas

No. of Basal TSH PGE, NaF TSH/ PGE,/
patient asal  10mU/ml) (Gug/ml) | 10-2M Basal Basal
Adenoma cold nodule 1. 0.02 0.70 0. 03 0.51 35.0 1.5
2. 0.18 4,65 0.27 2.96 25.8 1.5
3. 0.08 2.02 0.09 1.12 25.3 1.1
4., 0.09 0.71 0.09 0.30 7.9 1.0
5. 0. 06 1.28 0.07 0.95 21.3 1.2
6. 0.11 2.96 0.14 1.75 26.9 1.3
mean 0.09 2.05% 0.12 1.27% 23.7 1.3
SE 0.02 0.63 0.03 0. 40 3.7 0.1
hot nodule non toxic 1. 0.05 0.30 0.08 0.20 6.0 1.6
type 2. 0.02 0.12 0.04 0.23 6.0 2.0
3. 0.06 0.63 0.05 0.42 10.5 0.9
4. 0.12 0.66 0.17 0.64 5.5 1.4
5. 0.03 0.22 0. 03 0.10 7.3 1.0
mean 0.06 0.39% 0. 07 0.32*% 7.1 1.4
SE 0.02 0.11 0.03 0.10 0.9 0.2
toxic type 1. 0.09 1.67 0.19 1.01 18.6 2.1

n moles cAMP generated/mg protein/10min,
These values (mean+SE) were compared to basal levels : * P <{0.05

Table 7. Effect of TSH, PGE, and NaF on adenylate cyclase activity in differentiated
and undifferentiated thyroid carcinomas

No, of Basal TSH PGE, NaF TSH/ PGE,/
patient (10mU/ml) (5pug/ml) | (10-2M) Basal Basal
Differentiated 1. 0.13 0.24 0.03 0.33 1.8 0.2
carcinoma 2. 0.07 0.35 0. 08 0.27 5.0 1.1
3. 0,09 0.31 0.14 0.64 3.4 1.6
4. 0.09 0.17 0.09 0.34 1.9 1.0
5. 0.14 0.18 0.10 0.17 1.3 0.7
6. 0.08 0.11 0.12 0.10 1.4 1.5
7. 0.21 0.53 0.22 0.26 2.5 1.0
mean 0.12 0.27% 0.11 0.30* 2.5 1.0
SE 0.02 0.05 0.02 0.07 0.5 0.2
Undifferentiated 1. 0.15 0.16 0.14 0.33 1.1 0.9
carcinoma 2. 0.07 0.07 0.07 0.23 1.0 1.0
0. 04 0.04 0.03 0.13 1.0 0.8
mean 0.09 0.09 0.08 0.23 1.0 0.9
SE 0.03 0.04 0.03 0.06 0.1 0.1

n moles cAMP generated/mg protein/10min,
These values (mean+SE) were compared to basal levels : * P <0.05
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[+ v RTFEC BT 5 TT9E

mg &2, 1D LHNRZ Oh, NaF Jiincidll. 24
TdHh -7z (Table 6),

(©) FRIE

b & R CER TR &y SEED T
fFilciY basal 0.124-0,02 n moles cAMP genera-
ted/mg protein/10 min ¢H b, TSH FEIMc X b
0.2740.05 n moles/mg *#%2.5(% (P<0.05) @
EAVRD LR, BETIRDDALEMNT TSH %
TBEELA BN, PGE IEINTIE, 0.11:0,02 n
moles/mg L FIENHRDIILH ots, NaF JRINcik
2.5f% (P<0.05) o EHARELRE, —F, HRHb
WD 3 BTk, basal 0,09 n moles cAMP gene-
rated/mg protein/10 min TH b, TSH ¥
0.0940.04 n moles/mg, 1.0 ¥ o7 { KIGHNER
dbhirdofs, PGE: N T3 0.08+0.03 n
moles/mg, 0.9fF& TSH & MRICIERIGTH o7,
NaF JRINCik2. of5m EANES bRt (Table 7),

2 EERRE R X O PRIBESRG < 1T 5

adenylate cyclase {E#E & TSH gL ORIR
adenylate cyclase JE#:fEo basal % 100% &
&——a Normal tissug N=3

1600 :‘I
o0 Adenoma N=3

i (cold nodule)

~ H x——x Carcinoma N=3
] H (differentiated oca.)
@ {
- i mean d: SE
[ §
8 1000 |- *
By H
z ]
g
8
=
S
o
2
E  so0f
(=4
3
o
oo |
%
et , " )
Basal 0.1 1.0 0 100

TSH Conceritration {mU/mi)

Fig. 6. TSH dose-response curve of adenylate
cyclase activity in normal thyroid tissues
and thyroid tumor tissues
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o—o Normal tissue N=3

2000} o0 Adenoma N=3
& n,. (cold nodule)
*=~=% Carcinoma N =3
(differentiated oa.)

o, mean *SE

1500}

1000+

500}

adenylate cyclase activity (% of Basal)

?Oﬁr IP <0.05

3 10 20 0 T
min.
Fig. 7. Time course of adenylate cyclase ac-
tivity in normal thyroid tissues and thyroid
tumor tissues after addition of 10mU/m! of
TSH

L’

TSH i&hn#s > adenylate cyclase Jhfk

Basal 7. adenylate cyclase &4
LLTETE (Fig. 6), EXFRIETE, TSH ImU
/ml {sincd-cic adenylate cyclase [EiEDAEE,
(P<0.05) D EH#FES b, TSH 100mU/m! @
I CRIT 7 dose response curve 23MEHic, g
Tk, EFFRIEL Y TSH oXid5 adenylate
cyclase 3EWED FRAEL L, TSH ImU/ml ¢HE
(P<0.02) DLFEBRESHBR, TSH 100mU/ml o
T CEFERREU Lo FIGER Lz, —F, BRI
B (LB Tk, TSH o3 BISME L, TSH
10mU/m! ©iL CHTHE (P<0.05) @J:;%-H
bhic,

3 EFHFRIRE & ORRIBESERC ST TS
H 10mU/m! #Ehnwesi4% adenylate cyclase
TR ZER) M SR

TSH 10mU/ml! ¥FEhnzsi-+5% adenylate cyclase

TEMEZSE o incubation & OBARE S 5 & (Fig.,
7, EFFRIETHE TSH Mt s /i tic ade-
nylate cyclase {Gi:0HFE (P<0.05) O LH%H
¥, 30 CiEIE maximum WL, BIETIL5 4
TTCRECRS (P<0.01) HB % bh, 205C
maximum EL, DR~ T 5 HEadmL
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Table 8. Effect of various hormones on adenylate cyclase activity in normal thyroid

tissues and thyroid tumor tissues

Adenylate cyclase activity

Addition Concentration Normal tissue Adenoma N=3 Carcinoma N=3

N=3 (cold nodule) (differentiated ca.)
Basal 0.07 &= 0.03 0.09 + 0.03 0.14 & 0.04
TSH 10mU/ml 0.56 = 0.18 1.74 4= 0.64 0.38 = 0.12
PGE, Sug/mi 0.13 &= 0.04 0.12 £ 0.04 0.13 += 0.02
GH 200mpg/ml 0.06 = 0.02 0.09 &= 0.02 0.13 £ 0.01
FSH 100mIU/ml 0.04 &= 0.02 0.06 += 0.02 0.10 & 0,02
HCG 50IU/m! 0.10 = 0.03 0.08 = 0.02 0.14 & 0.05
LH 100mIU/m! 0.06 = 0.02 0.09 4+ 0.03 0.12 = 0.04
Calcitonin 3MRC IU/ml! 0.06 #+ 0.02 0.06 + 0.03 0.10 & 0.04
NaF 10-2M 0.48 &= 0.18 1.27 &= 0.36 0.27 =+ 0.08

n moles cAMP generated/mg protein/l0min, mean = SE

Table 9.

Phosphodiesterase activity of various thyroid diseases

phosphodiesterase activity

cyclicAMP 1 x 10-1M
(n moles hydrolysed/mg/5min. )(p moles hydrolysed/mg/5min. }

cyclicAMP 1.25 x 10-"M

Normal tissue N=b
Adenoma cold nodule N=4
Hot nodule non toxic type N=4

toxic type N=2
Carcinoma (differentiated ca,

3.26

Graves' disease N=4

2.15+0. 06
2.68-£0.12* (125%)
2.54-0.20 (118%)

% 2.120.13
2.7840.48 (129%)

11.11+0.65
26.80-£5.76 (241%)
32.55-5.73% (293%)

152%) 47.31 (426%)
(99%) 18.114+3.05 (118%)

34,90--7.88% (814%)

( ) shows % increase to normal tissue mean =4 SE
These values (mean + SE) were compared to normal tissues : ¥P<C0.05

foo Efo, FE (AR Tb 549 CHE (P<0.08)
OLFHTDH B, #9304 C maximum LT 55,

o G IERBRIRE & OB HEE LR b8,
4 IFETRIRS X OHRIMES O adenylate

cyclase JEHCRIETZ DD 1 ® v OFH
TSH, PGE; M40 kr e & LT, growth hor-
mone (GH), follicle stimulating hormone (FS
H), luteinizing hormone (LH), human chor-
jonic gonadotropin (HCG), % k¢ calcitonin /g
ERVRIRLIcHD adenylate cyclase {GikDZE k%
wE L7z (Table 8), EEFRIETE, HCG mL
BREOTEN T EANES bl (N, 8.), 20
D R £ VIER LT NTRIB A bt olc, *
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7oy MiE (cold nodule), ## (4L & T, ©
Fhosre VERLTL -1 ERETH -7,
D IEFEPIREs L ORIRIBIESEL D phospho-
diesterase g% (Table 9),

TR R B ¢ vk, cAMP e 1 x10™*M Chigh
Km) ¢ 2.15 n moles hydrolysed/mg tissue/
5min, 1.25x10-"M (low Km) ‘= 11,11 p moles
hydrolysed/mg tissue/Smin. OFEM LR LI, IR
B4\ CiY, cold nodule CHRIEEFREOZFE
hi125%, 241%CH D, JEPEE O hot nodule THE
118%, 293% L BfE%mL, HoFmRERIETE, E
BRI D152%, 426% & &b PDE fEiEA R -
foo FPERAERMME & T 5 ER T2 Py PR
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B+ e VIR B B TR

PDE EMEZERIE Lichd, EERRIEO120%, 314%
TRV EEL TR L. B GLEE TP hbik
HIPRIRE B U PDE iM% R L,

v =

cAMP %, 1958% Sutherland ¢ Ralll920z X
STHRRINTLE, %< D peptide hormone, /)
AT catecholamine, indoleamine 7 ¥ d se-
cond messenger & L TCHIBAACHAE VIEREH
bl i s LTHERTTHbhTE 2D, cAMP
I ATP b Mgt OfFfETIC adenylate cyclase
Wk b4 XN, phosphodiesterase {2k h 4@
H, FAMP s REEEh B, Lioai-T fifd
MO cAMP B TEBEEORE L, ATP DEHGIC
IhEEIND, FROKRLE ERIRED v T2
— % adenylate cyclase LEFE LTV 3D THAD
L= %, adenylate cyclase OFGHE{LA AP cA-
MP BEx 5, (A% HES Lo B E %
nT»%,

B cAMP L T, RE—EDR
M BT inly, Otten BH2Dy3kgR fibro-
blast Z A\~ il HE7E O X % M D BN
(doubling time) & LTHbibT &, HIMHOD R
Wb O (HEDBEVDL D) (3L cAMP REDE
Eu S AR R R L, MIfIOREER . cAMP B
R OBFRERTEMEL TS, Ll ZDL)
7n in vitro OFFCE L, HLOWREBFT LD, [
TR cAMP RSN EFHENC < b_EE LR
T LR X i, T, Butcher B2,
Morris @ FFE % A\ Ney B2OREIFELT,
Chayoth 525t ethionine iz X % F » FIFEZ F,
WL IEEAR < DR O cAMP
NEEERR LI EME L, i vivo Tk Otten 522
OBEFBEL T DRI R,

b b R IREEALER D basal 7tcAMP @B L
Tl %L OPEHET L VT TIBEZIh TV 5%
FREhNELL L OWRNEENR HL BT W
B, Thib, Knox K2, Valenta?d ik e rHR
MROERA cAMP REERHE 2P0 iR L
HkA AOCTHELCVW5 L, De Rubertis &7 4%
204y incubate L7c#D L DEMWELT5, Tho-
mas-Morvan2® {Z 1 5 &, 30~604-® preincuba-
tion 12k b, cAMP EHLHAHHEEA LIPICHiSE L
Tofifific < H20~50% Wi L C\v B & L, Van
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Sande ¢ Dumont?® 3B LELY L T5, D
Armiento ¢+ Monako3® 115 v MTRBAE LRI
BT, R cAMP BEEMEV & LT 325,
Valenta?), Field 58 3 & | FRIBCIT BEho
cAMP BEEREFRFRIPC S bREVE BELTY
%, Thomas-Morvan?® {, v r KBTI, ZEMHT
BIERRRIE & 12 & A FENWA, BTRBLRT
EHEFREL D BELTLCEMELTW S, EED
Wi, WELtEr—ECTd YA 74 AT
b RV, TR 1A LIRS LR
ERV, ZOHE, FIRIBEEGOMSS cAMP #
BERERRRIC L b_EBeE e R L2, RIE
EETIHENRD BN, o1, IHETILE DICEEM
T AT Lo pizgii b, F7z cold nod-
ule & hot nodule W43} THME L7cA 00 D 55
DEFED L RILA -7, Hot nodule %737 RiED
fke cAMP JERFIZBE L T DR &I P75 L, Larsen
B3NL 1 IO FREERIEC cold nodule DRREIC <
LBARUEER R L EMELTVWE, IBIE, FLHMk
TN O T I LA, sReabis & i Eflik-PcAMP
BEABELRTEATH > e DEATH B DE
BRirA bR o,

TSH HIc & b SRS O cAMP R
MT 5z &k, Gilman & Ralls®), Kaneko B30
LT, ¥oinbUit4 % ORRIMIE % By g2
TED LN, 7 Klainer 5303 L Pastan &
Katzen3) j¥, TSH 2% e v 2z b Nz v v ERIG
homogenate @ adenylate cyclase ¥E{:% R X
@Bz EEHBT L, AMCEREAD PDE X
LB e R LIE v s BE L. ¥EH
BN X b e bARINC d Vs T b R
Thiz, b EREEE O adenylate cyclase~cA-
MP 52z 5 TSH OREL Aic b Ok iz s
¢, HRzHMkS cAMP JEpsds X oF adenylate cy-
clase EEOBE RO H EHE Lic b Dk nTh
B {HH L7c TSH BER, R X DE2NREKD,
Field 58t ImU/m! 2 10mU/ml, De Ruhertis &
™k 5mU/ml & 50mU/mi #f\vs, #7: Thomas-
Morvan 280} 50mU/m/ » &0 TSH 2 AvT
W5, FEo TSH #ET 10mU/ml 2 6FH Ly,
adenylate cyclase ¥E{EL TSH JEE: © BIGEAEW
HUpg T, TSH10mU/mi JRime T, TR
3 & OCFFRRESFHAEO VTR L EIFEINC S bYER
DOERRB BN, ¥ TSH #EA 1mU/ml~100
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mU/ml OFFTW-Fho kL BIF7; dose re-
sponse curue 2EbLhi, ¥/, TSH 10mU/m!
WIS T 3 FEBORNEEED T, W T°h
% 5 450 incubation THEIC LH L, 20~300TE
EECHEL, DB 3 sEmEsL, TSH off
FSEE Bl Y RIS Lo L Bbhi,

TSH 10mU/m! yEinzCIE#EERIRTIY, cAMP
EER LU adenylate cyclase {237 1L -2
basal ®8.7f%, 5. 7% kA Lz, —F, BETII,
ity o v 45 4 cold nodule FRELICHIT,
TSH ¥nicsiL cAMP s/ & 08 iz adenylate
cyclase B BEEZRL, EEFRBCS bREFE

(P<0.05) D EHA#RLI. L»L, De Rubertis
LNk e MEFFRIEEBEX KL, s0%kO ba-
sal X LAERLAERL BN, BECIKIERFRER
1 B TSH w4 8 RISHKEWHEER L,
MiEOHCEEOEP R holc & Ly, ¥ 1o
Thomas-Morvan2) (L IEHFRIRE RIS CrLziER
URRVE R LI L3R5 L, BEORHE Bt ot &
< BX, hot nodule 7R LIcRETik, TSHIZ
T 5 G E <, FEREECI cAMP JRE,
adenylate cyclase {Eff: & 4 cold nodule =< &
NERETH -7 (PL0.05). Eiho, HiEHIRET
PRk cAMP R TSH RN TR EA & LA
¢ —R TSH IRkFE O B %: B 1o b5,
adenylate cyclase {EM: Tk TSH it LEMIEE:
ALy TSH XT3 v-e7 % —OFERE I,
ik h cold nodule &[RRI TSH {KEMEDEG T
H55 EFEL B, Larsen3Dik 2 fIo hot no-
dule (h#dl, Jeh@BEE 14D © TSH ©Hd3
cAMP Bl HOUZ adenylate cyclase (5%l
ELs WIhi cold nodule &R UEED EAMNR
bhick U, F74 Sand 53Dk 50 hot nodule
2SR L, TSH &3+ 5% adenylate cyclase jEi:
L, EFFRIER BeixgR2Eo LA Ebhick
WELTVS, Bk & b TSH iz X % adenylate
cyclase~cAMP JBoOEMALL, BEOZEILH HHM
cold nodule ¥ X ¢¢ hot nodule DWFhTHLARD
h =2— FOIUD AL, FRIRALE v OREEDHE
X TSH T3 v s 5 —DRETIRR, cAMP
EAELEDa - FRUOBRFC L200EFE 2 bh
7o

FURIERE Tk, MMRENC X b TSH o 5 Zha%
R D Bz, T70bb, kR cAMP RED
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1

By d R BHE C ik, SH{BIEO 6 BT basal 2.0
B0 FREEDI, LhL, 205338 (50%) T
TSH ikt Lal RIGAabht, FhokabsE (2
By BERE (26D TLL<{EBRIETH T, 20
Z &1t Thomas-Morvan®) i, Fif/c#EL2 LT b,
# B 1oflo IR R R Bt L, TSH (50mU/ml) ¥
T basal i HNBFEOENEDLRLA, O
5b 2 BIDERMEREE, 8AIDNMEED 5 b 4 6 (50
%) W TSH x4 3 ey iAo bhioh o 1z L&
LTCw3, —J, adenylate cyclase J{hL b &Ki-
TSH O HIRBREC -+ 2 EE ORI, Bl cA-
MP BEOCEMORRE HP R, SEBTIET S
T TSH 10mU/m! #Hine & b, adenylate cyclase
EHDRE EAMN A bR, basal L HEOENRDL
Riza UL, EFEFRRIC L b_zoGEIRE
EETLTS (P<0.08), RofbED 3 FlCiky
ThLEFEETH D, TSH AT 2EELL L,
T O & TSH OFEEZT e b0 sELD
B, ZOX3ic, TSH AERIFED adenylate
cyclase JEMEEEERIETC Lt Field Bo Xk
> ThIERh, HOEFREGE & BEE R
Hig L, TSH (ImU/ml) ¥Eesi-+5 adenylate
cyclase JEMETIXE EA PRI CHEEAE L& L,
Sand B30 FERFELREL TV %, F 7 Orgi-
azi 53 H{LE-CIL TSH it X b adenylate cy-
clase iEiho LR BRSO B LA, KMLE (24D
TSI TH D LWMEL, BHEOREE—F L.
In vitro Wok\ Ty &0 X 51 EIRBIED, 45
FIEC TSH it L SR Ro bhio o ki,
R BB IR BRI R cH D, L THL
= VELARBEFLTO S LELLR, IbicEME
BFEOPRIBEEEEOMAE D, TSH X LEFE:
BERL TV &LE 2 bk, Thomashs), Dobyns39)
DIXELTEE, B £ O A L =T o R IR
ek vwTiL, FREsrevo X b, TSH
O WEIHE IR O R EIMHIC B E 2 0%
RGBT RA ST B o Lk TERW&
BARTRY, 0 X5 RERVEHNL, FE0fT -1
in vitro DEPFER L A—OEAZRTHOTH B, .
IR IS8R parafollicular cell f@ffich b » 1
v b= VESHL, TSH &ixmBGEHEN R B2,
FBEOFTF -7 2 PIOBIRSREM T L, TSH KFER
Rdbhinh ot

TSH Lsbo ke ¢ BRI o adenylate cy-
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clase #¥EHMLL T, cAMP PEZ LR X253 L0
& L€ Prostaglandin (PG) 2M4nbhTv 5, oh
BEREA 5 4 A F 7otk BRI homogenate ¢
adenylate cyclase~-cAMP FRDiEME(LY, Glucose
oxidation @{RHENIN), JEFE2EnTit colloid dr-
oplet MR OREFEHE AL, %7, Abhn k Ro-
senberg4?y PG 2% in vitro THRREALE VYDE
By s — Foailith, 2— Fav4 e = vERY
R+ 5 LEL, TSH LEUOEREYFTC LA
HHRTWBH, —e TSH & Mg LT+ DfER%
BixEwE X T\ b, PG Offi4® compounds
Wy, (ERRIEOBEL PGE ARbHVLEh T
51D, PG ORRBC A2 A RNEENTRLET 52
EEhTHE BT, TSH LOBRE2VWTHRTE, K
PR~ RERLIc\, Burke 540 PG 28 TSH #
fERERTZ &b, PG X TSH & % @ second
messenger TH 5 adenylate cyclase-cAMP
D% X bz intermediate T3 H{IRARTFT H 5
EE2 B RE L, L L, ZOBNTHRE
it % {445, Sato H4Y TSH @ adenylate
cyclase JEMALIZIX PG 349 L b BEL L&
WEL, FABAL LB, WHXEE LTRRD
ve7a2—-2BLET, L bR7cH compartment
@ adenylate cyclase-cAMP %% {33 5 AJHEM:
PHERL TV B,

e RRIRESE Y AV PGE, o8z lELx
b DAL, Sand B30, EFEERE, hot nod-
ule %5 X 0OYEI PGE, Sug/ml #¥inlLC adeny-
late cyclase EM:AMFI L, 4z hot nodule @
adenylate cyclase ¥EME:AEERIC & W 5% 7% L
PGE; #3Z @ hot nodule DFECF S OREE
BEUTODDTIRD ERE LT B, BHE DT
TiE, EEFEREECT PGE, Spg/ml RN THLEL
cAMP BREEIXIN9.2f% & TSH & iZisRBRED LR%
Bntz, LaL, plasma membrane %{HLCD
adenylate cyclase FEMETMELTIA %AV CORE
DX SRS & 6 i ote, RETE, cold
nodule CHi#kA cAMP HESLIER IR < b
{ER T - 7ont, hot nodule TIXE <, Hcehil
PHIRECIX B R Lics & BIC, 4 ¥ o F R
Th PGE: R W EWIES @bz & XD, hot
nodule -3 F 7 EOMHEK PGE: 7ML DR
whohoLHEMEB, LhL, adenylate cycl-
ase JEMIC L CREFRPRIBOBE LA E L 5iz
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& A E IR bRk otz FIRIER TV PGE, I
M TR cAMP ¥, adenylate cyclase
Moz LTd basal LHEOLARDDK
M ofc, Plasma membrane #{H#HLTD PGE.
imzxi+ 5 adenylate cyclase {EMEAELHE T
EAEERIGETH otz LICBELT, L LM
HEERIRO plasma membrane #{§ifH LB,
PGE: i= X b adenylate cyclase EMELFEDT,
PGE;z ¥ intact 7¢ cell o adenylate cyclase &
P 5435, broken cell ¢ adenylate cyc-
lase FEHILIZEAETIM Uich o & EL, 20
HR & LT plasma membrane o SHHLER T,
PGE: @ receptor site 234eff LI-TEEMED B B &
LTC\w%, Homogenate % adenylate cyclase
BRI TWD & kg h, homogenate Az
TIRFEET B A b cofactor #% plasma mem-
brane O4yHihIZkEEIND DT, plasma mem-
brane ¥ A\ - EEI2it PGE: @ adenylate cyclase
TEEZR Z Bieh oo bl Tw B, ThbOZ kX
D, FRBESCIVTh, PGE © receptor 3%
24, TSH © receptor FidRir-TClW b EE
2bhd,

HEDZX 57 TSH, PGE, It FDO_7FF FhL =
VINEVveS -G L, cAMP A LTEDS
NEVERRREET B DO TH DA, ZOBRE v«
4 =%, HHRBECTEDBRED S EVEHEIIL,
DR VDL FTRCIEE TS L0 5 HRMNE
HLTW3B, Lil, Ney LINAAREE, 7t
2T LIBEEAR IR T, CoOERiveS 42 -0
BERAERKLA TV 2HIELHEL, ZhBiEOE
v ® vHWORETILIE W2 R L T B,
Schorr LANIIIENGE T TSH LASHC EFLM & R
hy, LH ¥ X - ThJEED adenylate cyclase #E
EEERD 2 L 2WME LT 5, FFH0E, FIRIR
Sk HCG, FSH, ACTH, insulin s Xo¥
epinephrine #¥EINLC® adenylate cyclase {F
P DWTHE Ly Wi bR Riohofck
WEL T3S, ¥l GH, FSH, HCG, LH, cal-
citonin /¢ &% FILTD adenylate cyclase &
PedRgE Lredt, EFEFRIET HCG it LIRE R
DRSS LIIREC, EERETIRThosrey
LT % adenylate cyclase {0 R ITA bR
F&EE LA e v ok TSH & PGEr DR T
Hotie
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JEEHC dsv 5 PDE #Efk%a &b D& LT, Rho-
ads BHSDL Morris OFFEO 7 FICRHIEL, [T
% PDE {&RiE, EHEEC < H60%+nLTiTi
HLTHBEREL TS, F7 Clark &5, fF
T high Km © PDE 13, EHHEZ < B
AL, low Km o PDE Gt ER LTV 5 L RE
LT3, Scharmsdi s » r OFEHEE & BB
I L, BSIEE Ik PDE WSS AT EG &
LTw3, & ERIESS HvC PDE {4 e
LIl v 2, A& L BRI, 10%8RIE
homogenate d+¢> cAMP-PDE JEM#:E, EREOR
B 0. 4pMD) B VTR A, FPIRISAETOMERE, PRI
[l de X OHRIRGE & & IER IR { S~E il R
L, FRRBECH » & <, BEEOAEO. 0mM)
FHNEE T, PRSI E CEEA R bR
Toe ETo, b FERRIFL05,000 % € LR FVCENR
B D PDE {Gi#:0ZED % % Cd, Bkl homo-
genate * [ UCHAAEDI-EPELTV B, EED
HtCiL, BRI < < PDE MO I C
s BTIRELALHBRETH T, RO CLie
CHPEBERET high Km, low Km, & LizE<,
Flo e Py mPRIBCLE W C & Ent, 2hb
ERTIMBERONRENINATES L ENELLR
Toe O, HBTAEHVTO TSH w345
i cAMP WBEFO RGO AT, EHEIRE
TSH Uiz & A FRIER L bR o e 892 L 1
BRHBHLODOZE LTy PDE [HEHCHET A7
1V YBAoTHBIE L b bT, &\ PDE ik
wkb, EHRIRI cAMP ofmbEED, —I
TSH X LERIGD ZE K R BD Tk is v &
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