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Thyroid Stimulating Immunoglobulin Bioassay Using Cultured Human Thyroid
Cells; A Simplified Micromethod

Myung Chul Lee, M.D., June-Key Chung, M.D., Bo Youn Cho, M.D.
Chang-Soon Koh, M.D. and Munho Lee, M.D.
Department of Internal Medicine, College of Medicine, Seoul National University

II-Min Ahn, M.D. and Hee Kwon Ahn, M.D,
Department of Internal Medicine, College of Medicine, Korea University

The activation of adenylate cyclase of human thyrocytes in primary cell culture and the
release of ¢-AMP into the medium are used to detect b-TSH and TSAD in sera of patients

with autoimmune thyroid disease. Sera of patients are used directly as a part of cell culture

without immunoglobulin precipitation,

In the above TSI bioassay, TSAb pooled serum show c-AMP concentration between that

of ImU/ml and 10 mU/ml b-TSH but normal control pooled serum doesn’t show any dete-

ctable c-AMP response.

Ninety five percent of untreated Graves' patients shows TSADb activity above normal

range, 20% of Hashimoto's and 36% of euthyroid Graves’ patients show det:zctable TSAb

activity.
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Graves §-& TSH$alol o #7babal & 4 43t
3 o] #ArtabAlzt TSH4§A13 Adshed TSH AL
A AEE AGALE AFed FAAASHAF

R ERL 1983WE ALy dudd T
HZE o] Rofzl-&.

o] Zald 4 g AFY ARSeld AAdgLRRe
2 gHA e

TSH 4&x16l W& aa, & 244534 (Thy-
roid Stimulating Antibody, TSAb)¢ Z7-2& i
7hA o] glont o T4 £ &Zol& A
& A4 AEE Eeiste TSAbA AEAW
TSHe Ag¢ Ashe 424 ol §3te Y4547
¥} (Thyrotropin Binding Inhibitory Immunoglobu-
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lin, TBI)%®3 23 A Zujokyo 2 TSAbe) €3+
+4AATFY AR EIL cAMPE 2R3k: 9y
(Thyroid Stimulating Immunoglobulin Bioassay)
°]9~ll) 9}1—,}_.

A Zuf & 53 TSADS 3L AA7R & YA
ko] FR o) gse AF 2a-g Iy, kst
ook L33 o] wel TSI Bioassay & 9l 4le] o} &
Shevl B Aol wokelh

ool AxbEL ALY 254 gag 7
A4 Axe L F4313 Microwy e Agdx, &
3 A-PgE A &7 Hele] gy
AL AAA g3 A 3L A w3
A Ax BFAAA vy c-AMP Y A g
5A4%nat shgion 2 uye AR AR 2 Q4
H 44 % Aesqr.

.l

e 8 g

Lo A

D TSILEES : 344239 o] & A4la) 5
B 2L FA AAREE 4, adz G4 A
sHAY FAE Hoj A BAHo] g Graves =}
539 AL ¥ TSAb EFY A& 21435 o} (Gro-
up 1 ~10).

2) AtztHAM YALMEE #xie| TSI Bioassay:
FAAAR] dde] Qe AANZFE 63, YAHO
2 AGAGAA 24, d44xeE 2 a4
o]t 47 ) Hashimoto #<)} 159, o4 444
22 AGR (AL 243 *TcHHE, F44dss
Ak, A= g R Ao oA 44 ) Graves

B AR S sFAL Holm AEAH| gl& 209,
3&%}*&*1 AA sl 2~8A U A& A4 7F4Y
716% 2ol Gravesw 3=} 259 6]4 TSI Bioa-
ssay 7} A § 5} gl cH(Group IV).

2. 4  Y(Fie 1)

D #8M HZY : 4 AERala4 423
d& AFZHYE 5EolWle] 0~4°C¢] Phosphate
Buffered Saline(PBS)o & 2uisle] 7}91= A A =24
+ 4elsted AA 223 PBS(0~4°C)o2 43]E
Aol YT AANYGeh. 2% 0.25%9] trypsin
o] Ayt PBSYoe 37°Ce] Lxold 34 HEQ
£3AA AEE Zedtgel. olw] magnetic bar:
AEe]l UA gt Aoz wigu £3F A7

th-& 2% Fetal Calf Serum(FCS)o. & trypsin ¢
HFEE TARG 2F FA49E 10873 0~4°Col
A 5008 2 dAEE gt F S92 weln o4 PBS
E A7 vortex EY/IR AYFGAA L o] F tl4] &
AEelshe 2o & 23] EF wpAeto s Ag 4
EE (0.02M Hepes, Penicillin(50 U/mL), Strepto-
mycin(0, 05 mg/mL), Theophylline(10 mU/mL)¢-
743k NaHCOs;2 AW 2504 pH 7.0~7.22 1k
% Media 1999] A E4E L FEE $XAA £ 4
Ak, 2% A4l X4E Hemocytometer & o] €3t 1cc
% 6~8x10°4 2 4}7] Media 199¢ ol g3 A 3
A% g AR Tl W) Group Tole F7l vhe ¥
%2 b-TSH(0.1~100mU/mL)2} RAwZA A=t
d A4 EFEHE 20%Y FEE HAsYn
Group Iol& 47 A4 EFFLANE, ez
Group el |4 EaAvjZAxizlsd TSAb 584
%+, 283 Group Nelle & =8 38 22 2
ALR HAAZG.

A-&3F trypin-& DIFCO(U.S.A.)4F, Media 199%
Flow Lab(U.S.A.), b-TSHx Calbiochem(U.S.A.)
A4 AEE ol gl n 2 F5712 233 5%
CO.ete] okl 4 37°Ce) £E2 FAAHA Micro-
well(Linbro, U.S.A.)oll A 4185 9.

A7l 28 F3F-& laminar air flow 7} 5§+ ¥¢2
g 4] o] Felzln RE & 0.2 milipore
filfration & A%l 3% S 543 ALsigcl. =g 2
Z¢ 4y FL b-TSHe FEw=E triplicate & 4
ol AgAYT AER W g Fopll well &
betadine -§§ & H s} FA T 4] o] L3514 ekokel,

2) ¢:AMP &4 : Group [ ~HalA ¥ Al Fuwjk 0,
12,24, 48,72, 96, 1204 zkel] Z-2- w kel A stgda
Group NellA & woF 48 3ol AFstgdet. 247 tri-
plicate & wiopg F3std LARNFE FHdE
—70°C ol ¥EAA c-AMP 23 7bx Basigidh.

c-AMP ¢ 232 WA 54§ o] 43l Ame-
rsham 4} kit  liquid scintillation counter o] 4| o}
FlRn Z7 LA 33 A3 2 FFHE A
43t .

3) TSI &8} : c-AMP 2 Z A3 #»])9 TSAbY
ZAYEE TSI=E3JA(Fig. 34 b-TSHEE=
Akt 22o] ohE dge A A2 oy
o] 7t53t=g slgel.
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3.4

D MM MZeY AT 189 264 o 6x10°
AY AXE B2+ A o] =A<k 300 mic-
rowell ofl 41 ¢] TSI Biocassay 7} 7}538tgel. =584
2 484 7k A 724] Zbell o) Fo1F o b-TSH 100 mU
ste] A AT kel A AP AZojde] o] FolA
£ Aol R geh(Fie. 2).

2) TSI &8 : 47 o& %4 b-TSHE 342
Group 13+ TSAbEF# A (Group ) % BAAHZ
F(Group )l AS ZHAALA Tol F 5wl oFef ol 42|
c-AMP 23 251% 27 b-TSH FEd =& 74
o] 48A1 Aol AR A velro= FAA Aol
AEde gk A4 HE2TAAE AS 1.0pmol/

mL o] 5¢] c-AMP 2] -& Mol diwdl A 7 %5%
A9 ZAE oy ARH ¢l Gravesd =9
TSAb EFH AL o] £33 Wl ol A & Al ol o) 4841
o} b-TSH 1 mU/mL 3 10 mU/mL Aol $3]3}+=
c-AMP 8] Ex¢) 18,8 pmol/mL & TSAb ¢ A=
7} s gLt (Fig. 3).

3) AI7IHEM TAMEE St TSI&EH : A
A 2F 68F 5944 c-AMP 7} 1,0 pmol/mL o]
2 RSP 194 € 7.2pmol/mL & 5 = o]
38D gl 8.8pmol/mL & AAHH=E At

Hashimoto ¥ &2} 15%9% 1344 c-AMP 3|7}
l.0pmol/mL ol 4o 2 FA=g o} 334 A4
ol e el (¥4  1.00]8+~39.2 pmol/mL,
332 9.2pmol/mL), FAA 7FAY FAE X

HUMAN THYROID TISSUE

-

Final pellet suspended in 5 ml of
Media 199 supplemented with
0.02 M Hepes

0.05 mg/ml Streptomycin
W 10 mM/m1 Aminophyliine

0.02 % Sodium bicarbonate
50 U/m1 Sodium penicillin

Thyroid adenoma

Mince & wash 4 times with PBS

Add 0.25% trypsinized PBS

tiB Gentle agitation for 1 hour at 37°C
Add 2% FCS

Centrifuge at 500g for 10 minutes

‘& Repeat centrifugation with PBS for 2 times

20% heat inactivated human serum

Dilution to cell concentration of 8x106/m1 on Hemocytometer with

supplemented Media 199

Group III Pooled TSAb serum

Group I  Graded b-TSH from the conc. of 0.1-100mU/ml
on pooled normal human serum
Group II Pooled normal human serum only

Group IV Serum of individual patients

* Cases of Hashimoto's disease with elevated TSH serum
| Tevel above 6ul/ml were excluded

Culture on multiwell in room air with 5% C02 at 37°C

Measure c-AMP from Aliguots

Group I-III measured at 0,12,24,48,72,96,120 hours
Group IV measured at 48 hours of culture

Fig. 1. f‘lov; ghee;tr of culture and experiment.
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Fig. 2-1.

Microscopic picture of monolayer forma-
tion on 60 hours’ culture, showing glan-
dular arrangement of thyrocyte on 100
mU of b-TSH addition(Arrow), 1X200.

Fig. 2-2. Microscopic picture on 72 hours’ culture,

ool showing more confluent monolayer with
glandular arrangement, 1X200,

b-TSH 100mU

b-TSH 10mU

c-AMP concentration pmol/ml
8

TSAb pooled ferum

b-TSH 1mU

b-TSH 0. 1mU

Fig. 3. Time course of thyroid culture c-AMP

T I e 5 level to TSAb and graded concentration
Hours of Tissue Culture using Huma[\ Serum" of b-TSH,
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* Shaded area denotes three standard deviation of normal control

Fig. 4. Results of TSI biocassay in terms of c-AMP

concentration in autoimmune thyroid
diseases.
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Fig. 5. Results of TSI bioassay in terms of b-TSH
equivalent TSAD activity in autoimmune
thyroid diseases.

ol A RH o] gl Gravesy 3z} 2083 19944
c-AMP 27} 1.0 pmol/mL o} a}el gl =&k o] 19
B ORFE A o] Adolgiet(H Y ¢ 1,00} 3 ~52.4
pmol/mL, SIF=] : 24,4 pmol/mL), R gAHe] gz
FAAAN T2 AU Graves Jqhat 258 o 4] =
168 o A c-AMP 27} 1,0 pmol/mL ojao 2 )it
RE 2FelA 980 FARY o]4to g Jelyle(y
# 11,0013 ~22.7 pmol/mL, =33 : 5.4 pmol/mL)
(Fig. 4).

4) bTSHEZZ ZAIE YAMES #x2| TSADb
#ME : FAd AP TSIzZz =4 (Fig, 3o} 4
b-TSH -5 Ee] w8 c-AMP A7} v ma & 4o =

1985—

T 4847 F e cAMPAE /202 dted 2 3
=}9] TSI bioassay 2 31& b-TSH ¥ =2 314tat g},

Hashimoto § g} 7ol 4+ 158% 3%¢] b-TSH
1~10mU/mL o] 4-3et TSAbZAEE vjepg o
= (20%), A &H o] gl Graves ¥ Za}F 208 = 18
Ho] b-TSH 1~100 mU/mL off A+$3l& TSAb 34
EE Bgx 192 b-TSH 100 mU/mL o} 4+¢) YA =
€ veblel BE FES 958 B4 Jdeigu (o<
0.0005).

o] AR He] U3 A4dsEL FAw e
Graves ¥ 8k=} 253 % 9 o] b-TSH 1~10 mU/mL o
%$&dhe TSAb &4 % (36%)% H3idt.

o ot

TSAb 2] &4 2Ll guinea pigsi} mice ol
4] bioassayVsl gl 2% EEAHo] o}y in vitro
Zabukylo] whe] Afurs g v,

2%l 4 19743 Smith & Halle] ¢jef spnrsl
AL A Y DL QA o] 5ol FWAAE 127
o] 7hEsHAl = glet.

2 v oy o] AL A7 e TSAb &
& AFFY c-AMP}4& 235 TSI bioa-
T FWdlA e o] FAAA ol Sm T
2y A4 B YA Hdziyy 2

A A ZW c-AMP 9 < ZAste A3
Z=AE _S_OP“ Ao EF 5 g rpin,
v Az A 2H0w @
Held ¢ dA 7 Y
4313 Micro W& 53l wid

Al v

ssay
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c-AMP 28] 2 E A Z%ie7} o}
A c-AMP & 34 3dke] 4gstsde),
2 AF 1g9 ZF6dA oF 6X10%4
o MEE 2T F dga ol & B4 2 300 micro-
well o] 4+9] 2] 4 TSI Bioassay & Agg 4 ¢
Al shglet.
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AXA cAMP 9| £3-¢ Agsa gz o qiH
Al A2 c-AMP & £ & # 3 o] f Zte] 2T
A o] 9ol AZW c-AMP | 429 FRoze %%
Fdgel delvtz gy AdAq Fdejn EF
WFg o9 c-AMP 7k &4 A2 c-AMP 9] F &
B} 3 b-TSHu TSAbY FEitel =& W3g
F3ser o folstthe Aol ¢uA g =gl
tHe®, & Al A cAMP 9 FE 7247 o] Fll
€ AR Aaste A%E Biedl 238 43¢ o

F A4 NFAZE g FrE QAT AL
540 WEd JaA c-AMP e A4 uc} sh3lgol

Q -3‘1.
.

rlo

M
~cl

fol

|
ot x, dA7 AUy FAAAEFE] Tkl &
gt A Eh ol FE G & dAo] zhidtd
b-TSH &-& TSAb s TSH $&Ale) w23 4 d&
718 & 2472 AZW c-AMP 9] w7387} i
ol 9 Aoz AtEdn,

2 Agdl4 b-TSH 1~10 mU/mL #}e] ¢ ¢-AMP
9] Azxcl b-TSH 10~100 mU/mL 2o} 2] c-AMP
o Aol AAGNA AL AL TSHAY 4l
w}-& adenylate cyclase system o} = 31 negative coo-
perativity?® 2 A7 = 3, b-TSH & At wls] TS-
Ab 25839 c-AMP 9] F7b71 SiAl vebda 3
3228 Abgo]l 964l ztel A= o] TSH 4=
TSH ¢}e] ub-g-3h w8 43e] gt A& 2 F2
QA3 2L LATS 2 nyy TSAbY 44 43
e Aoz B,

AAE 94 FAA ARAAY cAMP Y] 4L 2
A4 g A4 AE o 3§ TSI bioassay
QM u] £31A] el AL 9le] X8l Graves W &
=+8] 95%1 A TSAbEHA 7 Fa= geh, o & g4t
AzAA5-¢ o] &3 bioassay® i} upapaga W 18
2ok 2 AAEE Holxw J4¢ ¢ 4 Uk 29
W 9223 22T AYt AL ABAGE
3 TSI bioassay®dl| ] 3le] A= c-AMP & 2}%o]
2 A4 g4 WA Jebds ¢ 4 g 53
TSAb 9 49717t A v} x84 Graves W 3=}
ol A9 e WE(DH%)NA = A wxdd ARF 2
754 AA4st o] Folx Graves 3719 TSAb
HHE(36%)0] HgET2 L £E%9 TSI bioassay
o At 3 AL L 499 dUEA 992
29 2539 TSI bioassay e} %& Aoz 45y
4 9¢ Aol duh

Hashimoto ¥ S=}al 4 158 F 29 ol A &= Abgds] &
< ¢AMP Y A5-E 2 Fa v drlde 27

A5 o

F2EUEAY 9 9d A A7~

A8 Aol 5w -4 TSAb 2 ejd4 o = TSH
F4AT A4 ATE G FAL +4AE AT
st galel FEsE AulE A9 4 g3, Graves
¥ 51 Hashimoto ¥o] A& F&3t= Atzlel] 4 21714
94 B4R AZHNAFLE FAAZA 3}
32 ste TSHE4AE AFArihE 244 A5
402t A4 FE AdE 1Y 4 bl S WA
o] Aoz 49l 4 9o ojd wAAE o AT
7b AP Aok & R 2ol

TSI bioassay 8| EAFLE AAY 4+ Y& 24
9] wW3lel W& TSAbIAER Y WF-L oln T2
o 9 v,

ol gk =29 wisle] =& 4Ae wWFL sls
71 Y5t L A A= TSI zF3a43¢ 53 TS-
AbBAEE EAFY A =HE o)A EL
TSAbZAHE=2 vlagroe e AAQstnst g},

e} o2l gt AL 2774 b-TSH 9} TSAb
o Wl -3 EE dAsele AAAE o] Folxok ¥
A2 ool Ut FHE ol Feimel T ALE AR
Aok

=} =

Micro®] M AIZ whek-& B3t TSAb Y 23 &
et MdFegay FE¢lol A AL A,
wjople] dRBo R ojfstm W Ffefe] c-AMP
28] Ag& ¥E TSI bioassay & A3 shgiv.

D AT 1g9 2AqA4 oF 6xX10049 AXE Eul
T 4 glgdon ol tha < 300 microwell o A1¢]
TSI bioassay 7} 74539 2 BE3 A -& 48~724] 7kl
o] Folgivh.

2) TSAb £38 o498 c-AMP&4-& b-TSH 1
mU/mL 3 10 mU/mL &}o] o} $12] 8141 (48] 7+ ¥} <}
A) BANEFAALE c-:AMP & Aol 247454 43t
2 yebyte,

3) AAEGY AR A A AEHe] ¢
= Graves g-=}of| 4] £ 95%, Hashimoto ¥ 3=}o] A &=
20%, qAAAAARBF JARAAA AFE 2ol
= Graves 2}o] Al = 36%el4 TSAbHAE/ F4
oj 2.2 jebyith.

4) A7 AHE 43 cAMPEx9 w3E A
A37l Aste] b-TSHel] A-%35lE TSADHEA LR ¥
A&kl e,
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