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Immunoglobulin G Obtained from Patients with Euthyroid Graves’ Disease Elicits Thyroid
Hormone-Releasing Activity in Cultured Human Thyroid Follicles
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Graves’ disease is characterized by goiter, palpitation and exophthalmus (Merseburg’s trias). However, a few
patients develop exophthalmus although their thyroid function is normal, and these patients were named as
euthyroid Graves’ disease (EGD). It remains unknown why these patients are euthyroid, although they have po-
tent thyroid-stimulating antibody (TSAD). To investigate whether the immunoglobulins (IgGs) obtained from
EGD patients elicits thyroid hormone-releasing activity (THRA), thyroid follicles obtained from Graves’ patients
were cultured in suspension in agarose-coated culture dishes, and organic *I (mainly de novo synthesized *I-T
3 +'®1.T4) released into the culture medium were determined. IgGs obtained from normal subjects (N = 6) and
Graves’ patients in complete remission (N = 14) had no significant THRA. IgGs obtained from hyperthyroid
Graves' disease (HGD: N = 14) has potent THRA equivalent to human TSH (1004 + 1634 uU/ml). This was also
the case in patients with EGD (N =4). There was no significant differences between HGD and EGD. These finding
suggest that IgGs obtained from patients with EGD have potent THRA in vitro, however, in vivo, their IgGs are
unable to elicit their biological activity in the thyroid gland. Presumably, immunocompetent cells are infiltrated
into their thyroid gland, and inflammatory cytokines produced by them synergistically exert inhibitory effect on
thyroid function.

Key words: euthyroid Graves' disease, immunoglobulin G, thyroid hormone-releasing activity, thyroid-
stimulating antibody (TSADb), thyroid follicles
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N R 95iE, Merseburg @ Trias (FURRE, B BEEETLHSE & % B (hyperthyroid Graves' disease :
1%, ERERZEH) % FBE T4 HOREEOFIRR#E HGD). LA L, TL =&\t Ky iFRaETiE, P
BETLHEIETH A", Nt P YT, flEMEo TSH R EEDEH (euthyroid) TH AL b 6T,
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% EGD B ZOHKEEES L O R RER L E L SR

£ I TSH T4 T4 fT3 T3 TRAb TSAb TPOAb THRA*
(%) (uU/ml) (ng/dl) (ug/dl) (pg/ml) (ng/ml) (%) (%) (U/ml) (uC/ml)
1 47 &% 15 12 2.8 384 114 16.2 6.6
2 65 Lt 0.1 15 39 95.2 1.347 1,300 124
3 41 B#% 04 14 38 - ND 305 ND 25
4 42 whH 2.0 89 1.3 115 621 ND 211
IEE#iE 0.35 ~ 0.7 ~ 57 ~ 22~ 0.76 ~ <10% < 180% < 50 (=)
38 1.7 11.1 4.1 1.50

ND : ki€, THRA : human TSHIZ#t8 U72RE (WU/ml) TRILL 7.

Graves’ disease (EGD) & L THIG LTV 5" EGD
T HGD L3R %, BiF#a%, #iF Hk #KE
BAEFEDOLNT, BOWALHEELFAT,
BAMRERE2ZZTHIENS W, 2D L9 % EGD
B & T & @& ¥ thyroid-stimulating antibody
(TSAb), TSH receptor antibody (TRAD) 25k T
»Y?, A uru7) rHAER thyroid peroxidase
(TPO) #ifk (TPOAD) M TH S Z LA% .
MRI &AL 0, AR O RE K R 14 AR 8 0 Hi Hh L
HBRERRKL TSI EHHERTENIE, EGD OZ#H°
TeEm & 2507,

LIAT, FRBMMEO TSH AR H#H L T
second messenger T & 5 cyclic AMP & A4 | 8
HD&H%H TSAD §5~BEHTHHIZd0hrh b
F, MEBRETIEFRBANVE Y OFWHPLERTH
A0, BIABELRIETHA. £2°T, TSADb
BL O TRAb B HGD BE B X EGD B% &
D IgG 2B L, v PFERRIRORERSEEREY H
W, REBED IgGC o EICEEI — F (°D) 2
DAAT, BRBELVE Y% denovo I2EH - Hilb
T AHVEA (FARBR ARV E & 5 W R BGE P : thyroid
hormone-releasing activity ;: THRA) 2% % &5
RRES L7207

HWERELUHE

1. WR

sHmbt CHl), RERFERKE (1#) B
Y r¥7s )=y (14l) TEGD LZHrsh
724BIOEGD BE L W AREXB/-0H, 8~10ml
ARML7:. Thoo 4 Pl0EE, 1, FIREERE
BERIDRT. ZBRICHFRBREIEE TH o720
T, DLRRERAZ E0EEIIITLY, BRER?EH S
BAEIZid guanetidine 2 O SIREERM G L7z, %
7o, EEANGHBLIUHGD BE 4B LY, HHFR
BRENC & B EH L BAGE, BLUBREMRL k-7
e B CHRIM L 72,

2. H&

FARBBRE DR EEZ L TRHEOT L L TH .

1) TSH

BRALEFEARENERE (electro chemi lumines
cence immuno assay ; ECLIA, ¥ — X ¥ A%t) 12T
W L7 R 035~380uU/ml T 5.

2) Free T3

ECLIA ¥ T L 72, 1E % {13 22~4.1pg/m
Thb.

3) Free T4

ECLIA #ETCHlE L7z, IE#1{EIE 07~17ng/dl T
5.

4) TSAb

TSAb RY<H D7y HRBEERHVLENAFT v
A RTHE LR, Zhid1gC oM % 7 4 H
ARBRAM R O HIG RS R ISR L T TSH &4k %
B & TEE XN D second messenger (cyclic
AMP) 2l 35 b D THh 5. TSH ZBKOFEIE
HERELTVEH, WEBRENATDRIZHD,
L TONE FYROBHESRIZ 0% TH 5. IEFE
3 180% LT TH 5.

5 TRAD

e O TRAD MR E N T 5%, LTI
DYNOtest TRAb Human ¥ v b [¥ <] OHl &
Fv bEBVTWSE?, &KX TSH ZHKORIBIE
HEBRET 5 DO TIEAR L, TSH @ TSH Z&HE~
DREEHEREZRITTHEODTHS. ¥ PO TSH
SZEREFERALTEY, "IE#& TSHOEEDOHE
B2 H5%E T 5 radioreceptor assay T 5. ILHEIX
10% LLFCTH 5. &ifi, BOTEEEL D, L
TONE FYHTORERIZI9% ThHS.

6) TPO $ifk

{LERREUNEEL ANTB Y, EEfEIL 50U/
ml LT TH 5.



7) THRA Rl

D IR I OV B

HRBRESBHOFESN-HGD BE LY, F
WAl H £ T, XXHFITTHH L Tinformed consent
AR REXFENRKFREZBERAKDAES
710). FRBRE S RATEICIE S hz AR O —
# (10~20g) %* Hanks MICIE L7-F $ EERFIE
O, BB LBy B CHIRIREREZ 58 L
72090

@ 1gG DR

B IME 3ml % Protein-A &1 F A IZH T glycine-
HCL buffer (0.1M, pH 35) 12T IgG FE 2 &EH L,
pH % 7012 i & 1%, & # B (Spectra/por mem-
brane, Spectrum Laboratories) 2 6ml AL,
09%NaCL &# (2L) 2T 2REN L2, 2Dk,
10°M @ Nal # & F12/RPMI ¥ (2L) 12 T&
#t L, Millipore filter Z# L7-:D %, 4T ICTHREFL
7z

(® THRA fiE &

RN Z B & % 40018/ ml 127 5 & 9 I2K5 3%
WHRICHRESYE, HDOPLOTHU—-AEBA L
7224 K74 v 2l Iml$2ANT, 95%air+5%
CO. incubator FICTHHEEEL /2. 7Hua—
A% @A SNIZHRBRIBIZER T 1 v ¥ 2 108E
TAHIENTET, WlalEz#RLE FRER
RTREREINLY.

BMH®BIC, BEERZzXBLOL, ¥ ¥ TSH
(bTSH) F/WXEEAF @A RYREE L DIF
RLIgCERBMLAE P12 174y vadblzh
15,000~20,000cpm (2% % £ HITHML, 5423
HEREEL 7.

SHKIL, BFELTVWIHERBERLERERIL
KEREICE L%, 3000rpm, 1050 L, EiE®
FOBBE IR L. 3512, TORE FEICMmE
0.2ml Z iM%, 15%TCA #% Iml ML, vortex
WCTEOEMLUz05, 3000rpm T 10 &L, Lk
HErWsIRELL. 2otk SFEEHREKICT B
BT EALZRBEL TCAILL 2B EA
RRBELZREL, FRBERICETAZ"IB &
" TCA L& @ ™1 % gamma-counter = T 5Hifll
L7z, %8B, FREERY O i monoiodotyro-
sine, diiodotyrosine, T3, T4 2 &DEMIL I 7z
PITHY, BEBHRICHWSINS T (TCAILLS
L&Y 13 de novo ICE B - il S 7z FLTS, T
T4 ThHhArZ LtarEEIru~ NS5 7 4 —ITTHEER

LTwWaWe,

BRI AV E v 5 iENH (THRA) &, bTSH %%
YR E L THREMMRAE RS, THRA BTG
A, FRBRERAICERY AT PTICTHE
L7z, &7 THRA MR N 2HEI10E, BERH
AW sz P THRELL T, bTSH equivalent 72 f&
ELTCERBLA 2B, bTSHIZ hTSH £ 9 B,
DNAFT v A RTIEHOEEIEERNTHED
T, MEMMD 5% 5172 bTSH ® THRA % 6
BL7Z2bmA, hTSHIC#E L7z THRA &4 5.

8) ¥LERRMIEI O RS E%R

FRBRIE A ER o T8 { TSH 2 &AM F 7213
7 (30uU/ml) LT 7 HR¥EE L, Karnofsky BEE
WTEELTLY VAL, MRy ey
BesnI Tk, HAILOEEE (Hitachi H7100 trans-
mission electron microscope) (2 TR E * B L
72",

9) #EHLE

HGD # & EGD # ©® THRA i%, Student’st test
WCTRELZ. $A3BULERRBTL L &I2ES
BHRBHEICTRE L. p<O00b 2 HEED Y LHIE
L7.
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1. THRA BIEZDEREVRET

1) BEEBGHEIC DI 28T 5B ORE
RRBRR OB EER%MKBLT 1,357,908
BICHEBREZEEL, "I 2RmEk, 5123 M
EREZELTHS, FIRRERICERYAEN: ®L B
SUBBEP WM INAR T 2R L2 K
WARTEIICOTSH ZRMLZWTREETLH L, B
KRB AIICEL D AT N2 “TIZRENICKRD L
7z. bTSH 2T % & BRIV E VICHY A F
NPT B LOUEREPT OBBERFNOG W E
MM 7. BROICHET5L, BEETH
BICET 2RI L2612, ROEED L THRA
N RS (WA

2) HEEFIKREIEOMEEAH THRA I RT3 HET
B B 0B B & B & # 100, 200, 400, 800, B & O
L600MEIZ 2 B LIS 24 RF4 v Y2 lZ ANRT, 7
ARE#EE, “T2@HmL, & 5123 HHEREERIC,
THRA Z#aF L7z K2 1R & 5 (BRI e A 5
A400 BEIEDO L EVBEDBEETH LT LB
Mol

3) BraE R O B
BEEINFRBER S, BREELMERFLZ
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bTSHIRE (WU/ml)
F1 15 2T 4 COERENBORKRE

BIRBREIEZ 1, 3, 5, 7, BLUIRIIEEL£LEOL 5] & 4 OFFERIZ~ 30,000cpm
WL, S5103 HAERE#EE FREBERICIRY AT D] (F52), BLOBEEESIC
SWENTEH S (@) FWELL. F—Fidmean=SD (N =4), HH 5] D45

*p <001, **p<000L

FHRERECEEINRTYAS, T/, BIEICTHM
WEE2HE35 L bTSHAZRMETIIHEL Y
A IERBIEN O microvilli 1313 L A EHE L TWw
%5 (H37%k). L2 L bTSH &R h 76121,
TR EN I Z 3D microvilli 25320 S, HARER R
VEYDER - PUWPTERIITDR TV BT
272 (FW34).

2. HGD B#& H LUV EGD £#&D THRA

Pl &) 2 EBNRE 2B £ 2 ¢, FIRBRER
2A0MIZE 24 X714 v Y2 l2TEEHRTHHIZ
PLERML, bTSHB LU NN FoyREE IgC D
THRA #HIE L2 (K4). E®ALfE L IgG
(213 THRA 32 BHTE& Leh oz (N=6). Kb
D HGD BETII2pIBHTH Y, v b TSHIZH#
# 1T 1004 £1634pU/ml (F3¥ SD, N=14) (244
$ 4 THRA B &7z, 25 0 BE AP H KRB
FOEHITE ) BREIREEIC L - 728 5 C THRA i
TRCEME -7 (K5). £7- EGD BE TH4LH
BHETHH e b TSHIZHHE L T 80.6+90.24uU/ml
(E¥5+SD, N=4)®» THRA # 2 L 7. ZHhiZ, HGD
BELEEEO THRA TH Y, WHED THRA IZIE

AT EZIRD LD o7z (p>01).
z =

N Rmeld, BEMFICHFET S 1gG 29 RK
PRI FE ] LT\ B TSH 224K % #5912 )
MY LR FRBALVE VAR E SWATTEL,
FUIRBR B BE ST HE (hyperthyroid) & 72 2 IKRETH 5.
BHE HGD BE LD IgG #HHL, oAt T v
A FEICT THRA 2 #3835 &, 100% Btk & %
%% TRAb % TSAb »RtE» HGD BE L h o h
721gG TH THRA Btk & 2 %7, F7z, KEROD
HGD ¥% ® THRA iZ hTSH (2448 L T 46uU/ml
PETHHZELHHLTWEY, —FICEE ADM
t TSH i & 1% 04~4.0uU/ml TdH 5 DT, TSH %
BHRDEICAEICHE SN T BN FYREET
(AR BB TLERE AT FE LT L 5.

48, EGD BEIME & 15N/ 1gG 2 2 D34
A7 A JEACTHELAZEZ S, 46F 44
(2B 572 7% THRA »38% S i/z. HGD % & EGD
BEPOH/ON [gC # T 5 &, THRA IZI3A
BERIZDSh o7 (p>01). 2%, EGD
BED TSAb I, HGD BED TSAbDO T & <, in
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Fth, 15] % & & ORI~ 30000cpm AL, & 5123 AEEES, FARBRIERICID A
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mean £SD(N = 4), 5] DB ARBRIEEADOI Y A *p <005, **p <001, ***p <000,
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NS L4

3 TSH %R 72130800 L THE 2 U 7255 0 BURBR I O S Rg &
(/) bTSH Zsine-312 7 HEREE L 72 & 2 OB KREE
(#5) bTSH (30uU/ml) Z¥RINLT7 HERER L7z & 2 OFRIRMIE. FRIROMIEERILS
B LV microvilli P 2BH L TWADONRD LN,

M : B, FL : BURNR L,

vitro Tld cyclic AMP DA ZRET DAL 5
§, THRA #%HET 52 EHBA L. Liodio T,
EGD B ¥ TIEFRIRAS TSAb (2 S LAY 72 HE
7o TWwah7z, HUIRBAVE YR+ 0W S
Y, BRBERENEFICRFSATWLIIDLH

i RY (A

EGD B #& @ WK A TSAb IZ )b L2572 D

X, BESH FIRBBICH 4 200 L2523 L
THBY, BxhRmEHEYA A4 (IL-1, TNF-o,
IL-6, IFN-0, IFN-B, IFN-y) 2SRAT9ICHEA S hC
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bTSH (p U/ml) Normal IgG Graves'lgG
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K4 Nt FoREELIEHAD THRA
EHABLIUNREFYHBBEOMFB LY IgG 2 LT, FRBIEBOTEELE ERISHRML,
7 HREEAES, BIREML T, 35103 MRS FRIRERICRDATNS B(HT L),
BLURREPICO W SN AHE 5] (@) ZHlEL 7.
bTSH : »7 ¥ TSH, Normal IgG : IEHE A L D fli L 72 1gG, Graves IgG @ KifE# O HGD &
ZLX DM L721gG. F—¥%idmean+SD(N =4), *p <005 **p<001, ***p<000L
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5 E®HA, HGD B¥EPB LU EGD BE & V#6517 IgG D THRA

EHAN (66]), HGD B& (14 5) OEKITS LOCBRBRBREL L2 N=14), B&
UEGD B (4#)) omiF Ly [g6 x il LT, FREREROPEEFERICHEML, 78
Btk WIEWRIMLT, 356123 HER#EE, FRRERICRYATAAZB (A54), b
SUBBRBIICHUW SN AR (@) ZMWELZ. THRAWE, AN bLTSHIZHREL/:
fll, ARG hTSHIZBBELZMETRLTH S, HELTFEMKEREAGTWARTD/NA
T v A GfF T, bTSH OEWEMII hTSH & ) 6 fFIZE@®ANTH B 9.
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MAaA YHSEMT, M ENISER L THRER
RNVEVEH - FWEART LI EE, ZoNSF
7oA REMOCTHEERATH L. Thb
DHFA A4 ik, TSHEEGHEZRL SE/12D,
sodium-iodide symporter it U &, TPO R4 4 o/
07 YOmRNADEBRZRBA I ELI LD
cDNA microarray # FiWTH O E o TWAB".

Dk &<, EGD B3 Tik TSAb 258 H 1247
ELTWBIZd b6 T, BFRBFRIETE 20
RELLZ-TEBD, WbIE L EHELZZIT T euthy-
roid &L 2o TWwWA Nt FYREE L IZIZFEML R
RBTHALZEPHLNIZR -T2,

#

ARG EE AT R 23t N EGD BE 4 4] &
DRI N/ 1gG 2 b BRI IE O 75 E R
ICCTTHRA ZHET L7 25h, 2BE 3BT TH
D, hTSH (Z3#E L T 80.6 £90.2uU/ml {Z#H4 L 7.
IEEABLUCARERP O FYRBEETIILH
THRA IZRtETH o 72. EGD BE L &EH O PRI
BEELHEE L B9 5V P BEEO THRA 12id
BFEEVNRDONEh o/, Lizdt-> T, EGD &%
DHRBRIE TSAD IS LAS 2 WIRIBIZ 2 o T W
HEfERlEsns, ZoREE LT, BEH ZEk
YA b A v REAET D REHE YA IRBR A
BELTBY, Zho0HA M A VITHEMICIE
U THIRBRAERE 2 MBI IHER 3 5720 L HER &
nr7-.
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