s A23 9 A3 % 1999

O
e

AN [

Xﬂl‘%’ 3 3AJol|AlA radioligand binding assay,
WA W Sl o8 GAD gle] 27

dgoieta elsiolet Wstetaa, Aol izt Wrkekn '

TXY - 2AME - 288 - HY - G4EE - BEl - |nE -

AY Fure AR A5 v wiel AFE}s]
& EAog sl T-cell v/l AphdA) Ao g
FAH 204 9l 7 37 a9l Sol ubgo) Hojs)
= Ao dedA ol A gl veh e
Z7VkA 2= ¢lgal  ArlebA) (insulin - autoanti-
bodies, IAA), #HAALSE  AEASA (islet  cell
antibodies, ICA)”, GAD (glutamic acid decarbo-
xylase) 3" &l 1A-2 g Fol ik o] & 7k
PG o]-83F ICAE A1 o] At gl 51
AT diZoll AEHoF Yol Ags|T Q= i
olu}, wigHHola 7+ Al dvic) 7AAe] EFEsle}
Aol chi FAPL glrka S olel] wis)
GAD Ml Ui shAollAIA ICA7E HbA =]|7)Aol
A Jebde, Ay i wd 3o AxE
ICAYT} ofi&2o] ] S Bak glof, Al 3
THle] At ak o) i i fgiAdel AR
Hrloll F-83F FAAZ HT T do] S gl
o Rk GAD dhile 2 g o7 o
AL fATeR, AR dalolEy G 3kate]
27] A= f-83h o]8d 4 gz e

GAD k4] ZAoll= enzymatic immunoprecipitation

A4zl 19991 59 18

E3}x}: 19991 64 8Y

BelAak o5, dyrhetn Sl iz

* o] 2 1997 E HuelshAet el 7] 2ol olg
el

Z0I5 - 0I5 - O[S

assay (EIP), radioligand binding assay (RBA), ®}IApH
o234 (radicimmunoassay, RIA), wWAukAAlE
AW (immunoradiometric assay, IRMA), enzyme-
linked immunosorbent assay (ELISA), immunofluo-
rescence 4 Western blotting 52] of#] HhEo] ¢}
t}. ol2igt of] whiel wkE GAD Al FHES
vhekshn, GAD & 5743 i 7te] 7IZs 4l ofHle
X ookt Aog UeiA g AEHog o)g
3 Qe WAl 23k GAD Al FHL2
AA AZbe] 23 Ay AHAARE vk TAPE A
o} ZERsla AfAdo] 2l RBAVE de] ALsa )
om, #Zoll= ’I-labelled human recombinant GAD
£ o] 84t RIAS} IRMAK GAD 34| Z40]] A8
Q.

AAFES ¥]) Aol AN P 2RlelAA
RBA, IRMA 4l RIAE o]&3 GAD 3h4l9] &
& FAs13L, ICA et 24 whel] whE GADEA
Hlke] RS sk, RIA g IRMAe) 2Jjt
GAD 559} RBA<]| 2J3F GAD index2] <isAlS <o
ohiy] Sleh ¥ A7 Asisick

CHAH S BHY
1. CHA
el Aol A G At 267 (FAF 104,
ozt 169, S I8 1443 A =T 109 (43

5%, o2} 5%, AT A 1540 AT o2 #lgl
oh A% e FEA 84 CalEll=EEs 02
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nmol/Lu|Rke) F9-E AY Fuoz sgon, v
¥ FRE g9 242 dd AEE FeE e
541 B4 C-lEle) =571 0.2 nmol/L o}l
e ANY Furgoll EFAIZ).

2. Y

1) AEAT MEHRERF (cytoplasmic islet cell
antibodies, ICA)9| &H

0% EHHE 713 HAZRE] J2 Agte] HAe
A 3 SA AAALE o] §3lo) WEHBsT
2% uwlt} SAEHAVIE olgsle] 4me] FAE
Zho} poly-L-lysine 2 & coating®l &ele])Sol] Baick
2 FA 200 pLol) rat liver acetone powderE d7}
T F AT 2 NS F6igict Working
[aprotinin+0.5%
albumin) in PBS (phosphate buffered saline)] 2.2 1:4
2 L162E 3AA71 3Ale) HH 50 UL g Lejols
ol "ojr=g|3t 4ol 16~18A|7F uiekA]ZIc). wiok
Selol=F PBSE 33] AP ¥ o] Lejo| =] 1:800
& 343k FITC-conjugated goat anti-human IgG
(Sigma, USA) 50 ul.5 *Hojrme]i 4-29] dHld &
T S HeAA] 30427F uiRAIZI) 015 ©hA] PBSo]
38 A & SR slolld B, o) 2%
Aupch HPAE A EARA] ok 8l 2A4)e] F2E%
=+ AXE Agsldlon, L 299 HA Al o3
77t Y e G40 Sk ICAS] A7k )
A sldwlog ZA8l =2 & IDF reference (80 JDF
units) & A83t standard curveE o]8sle] olo] §
JDF unitse]4g okjoz 3l9i5 o] IDW-ICA
proficiency program 2 & #ls}ict

2) Glutamic acid decarboxylase (GAD) &#|2|

£

(1) Radioligand binding assay (RBA)

HA4e ol (University of Washington)e] RH
Williams Laboratoryoll4] 7]ZHR2  human islet
GAD65 CcDNAE  Promega’s TNT
Reticulocyte Lysate System Kit (USA)E o]-83)o]
in vitrooll4] transcription @ translationAl# 253}
oko] *S-labelled GAD65 3HUS I3 o] 3z}

solution HSA (human serum

coupled

B3t Il 4T 16~18417 WAHANZ) 5
©|%] immunoprecipitated antigenel] tHA] protein A
sepharose 50 LS 718} & 1A)17F wiokst =] wash
buffer & 5¥ AP343lo] protein A sepharoseol] gl
GADG65 3}A|9] radioactivity & beta-counter2- o]-g-3}
of Fa3lc

GAD indexs £783l37} s} ZA012] beta count
olf £EF -S4 ¥4 beta countE wi ZhS EE
4 "39] beta countolld] FFE -S4 €Al beta
countE M ZtoF o] odglen, th=Fe] GAD
7}Hx} 73A)9] 2 standard deviation (SD) o]&ke) 7
TE HoZ gk

(2) Radioimmunoassay (RIA)

d=- RSR 42| "Ilabelled human GAD kitZ A}
23130t €A 20 uL¢} eukaryocytic recombinant
production system= ©]-8z3}o] wk=  1251-labelled
GAD 50uLE Egsle A2 (20~250)0llA 247+
k% solid phase protein A 50 uL& Z7lslo] AL
ol 1AZE B wielslsich 2~8T Alel?] assay
buffer 1 mL & #7138 & 4ol 1,500 Xg2 305
b BRERl] AFNS Atsla ZepReE R 1
£ AE PIE oAk 27 UmL o) A9
FHez sk

(3) Immunoradiometric assay IRMA)

u}3; EliasAte] '“Iabelled human GAD kitZ A
23199k €A 20 uL9} eukaryocytic recombinant
production system2- o]&ao] k= abelled GAD
II 100 L& E3dsted 2417 sk 200 4L o] anti-
human IgGE F7kslo] 3087 o] sieks)ick 1 mL
9 assay bufferE TIgh ¥ 3000 Xgo& 1587 ¢4
Eelelal AEHS AlAsl ZuleEE 18 A%
IE 28890 70 UmLoldl 798 ooz
3t

3. BAIE

i

Aske HP+EFANL EAGHCH 2 F0o)
379 vlde chi-square test, YUA ANOVA o
Student’s unpaired t-test2 3}j.om, T8|5 z+ Az
7ke] A% FA| = Pearson’s correlationS- o)-8-3}ic)
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Table 1. ICA and GADA Prevalence in the Subjects

Patient group No. ICA GADA (RBA) GADA (RIA) GADA (IRMA)
Type 1 DM 26 12 (46%) 10 (38%) 10 (38%) 8 31%)
Control 20 0(0%) 1 (10%) 0( 0%) 0( 0%)

RBA: Radioligand binding assay, RIA: Radioimmunoassay

IRMA: Immunoradiometric assay

Table 2. Relation between ICA and GADA

(RBA&RIA)
ICA
- Total
Positive  Negative
GAD Positive 9 1 10
antibody  Negative 3 13 16
Total 12 14 26

BAIRYE §9) SFE pgk 0.05ulTeE Bck
z 1

o} A1 Fad FARrY] i HF olgrIk
L 443y, TEA "R C-slgle]mE 0.36+0.23
nmol/L, ARG 19+2.3 kg/m’olgict. 13 2
=M ATl ICAY FHIE-L 46% 01212, RBA
3] RIA°l 23t GAD dx)l9] fHHELS BT 38%13
3, 2&]3 IRMAo]| 213t GADEAS] &2 31%
olgdrt thzFolAE RBAC 28k GAD gAl7) 10%
o4 ek4dolglord, RIA 4 IRMAo] o3k GAD &
g3 ICASY] §HIE-2 0%o]Yt} (Table 1).

RBA 4l RIAC] &J&t GAD k| s 347
o] 4H EAS nliA HT f4 7IRE GAD #
A kAol 2.84+22u, GAD Al SA4Fo] 4.6+
2413018)a1 F5A] ¥4 C-Jelo| == GAD A %
AFo] 0.27+0.14 nmol/L, GAD 3| -244Fo] 0.15
+0.11 nmol/Lo]gler} 5 i Aleloll §242 3%
3, aga o], AAAERAT 9 FEA 88 5%
SE ¥ & Aolol gt Xojr} gixick ICA %
RBA 3 RIAd] 2|3+ GADZA9 AfAlS HH,
GAD 3h7h okdolmid] ICAGAR ke 94,
GAD | 2AdojmA] ICASAR] 2= 39, GAD

—t

oot

B ool A ICASAIY] #A= 19, GAD
Jolil ICASHE 24 e 13 ez {3t
Bg Kl on (p<0.001), ICA 9} RBA I RIA]
g GADEAS] UX|&- 77} 26 F 22784 85%
0|21, ICA ¢} IRMAo] o3t Ux|&-2 267% 207
22 77%% ¥t (Table 2).

35 ojglyiziell wiel kAol GAD Al £
£2 v|asb, RBA 9 RlAd] sl Z4% GAD 3
A PEES FH7Te] 1 ol FollA] 4HE 3
g, 14 o]l A9 229F THoR Y Jitte] F
715 ICAS} GAD 3|9 % foahd] &
st} (p<0.05, Fig. 1). IRMA¢] 2J3l 245 GAD
Al B2 FH7ITe] 1 ollR] TollA] 49 2
o, 1d o]d]] A% 229%F 6o FH V7l &
7}er5 ICASt GAD A1) viks Zhagion
o xpolE i} (Fig. D).

ICAS] <7}l whZ RBA 9 RIAd] oJ3F GAD &
9] "% ICA 20 JDF unit 9|74 GAD &k
21850] 50% (2/4), ICA 20-80 JDF unitolld] 86%
(6/7), ICA 80 JDF unit o]4oll4] 100% (1/1)E ICA
9] 7} E7VEFE GAD A9 kvt F7k=3
o}, 7 Felle o8t el gl (Fig. 1)
IRMA®]| 2]%F GAD #kx|9] HI% % ICA 20 JDF unit
ulgbel] ] GAD &l 8ol 25% (1/4), ICA 20-80
IDFE unitoll4] 71% (5/7), ICA 80 IDF unit o}4bofl4]
100% (I/DE ICAS) 271} Z718RE GAD g9
g7t ZrkElglon, 7 3 Aolell foldt Xele §l
9lct (Fig. 2).

ICA <}719} RBAC]| &]8t GAD index, RIA] 2J3}
GAD =% g IRMAc<]| 23k GAD F&=& vu|de
oke] AuAAE HI (p<0.01, Fig. 3), RBA®] 2]
3} GAD index$} RIAG] £J3F GAD =% 4 IRMA©]

¢

9

r

o 2 «

4o of
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Fig. 1. Frequency of GADA by duration in the patients

with Type 1 DM.
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2 gubEQl wiolof|xe) $E 60~80%0ll ¥]wahH
dor}, Thai'” Fo] Td® 16419 3699 3=
QA o ALY Bxy BAAAN Bad §HE
30.6%9H SAISITE et AEA whel 2vER
gdsilol] 23k ICA A E wHgsFHo|n o4
BAel| glol F43 scoringo] HQstR o8] Foiz}
o} # zZollA] oloif] Atz wige] Wol Juvenile

Diabetes Foundation JDF) unitsE 53F EFE3lw
Bsiar AAe) EFE3eh Aol Aljte) glek. ol
ol] u]3} Baekkeskov? il 2jal A% GADEAI=
A3 Frge] why Aie] A ukaie] ofjFol B
o = M ol QB A7V ICARL}
wbAglo], GAD 3ha7} A4 weliE Sale)

b4 £7] EAAYE HeiFick GADS] 27p

N
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L YelE GAD65S}t GAD67E 5 7)) g-Azjol] 2]
o) =A= ol wiEF 65%Te] FYsl,
GAD6S: Atel algal Hzze] =% Zaht
GAD67-2 Aol HzAolnt 2x o}, A1y 2
B9 dIFAAEA GADFAS] GRIE= 70~90%%
52 ICAY] 80~100% Xx} gor), Pdhd s &
FollA] Y ol 50% AEZ ICAS H-AFs)ch
PP AIY G 1) GAD 3 P Ee 23
Wilel] we} FFPARE wijloll = 59~84%, kel
A= 5~83.4%, 285l TEAQlol|A s 5~70% AER
chksiAl Baslm Qe

] SRjellAIN Q) ol2idt dakdt GADEH &
HE2 GADEHA F8vholl whid WA 2913} oy
gAte] wby Ay | ol3|zke] Holr} F Aoz
Azbie). Ist International GADA workshop” 2] 73}
o 2lsbd GAD 3l2] FAol glo] =AY,
ELISA 9 w3y 5o ofe] APy 7hol A
3 2 YXEE EYedl ol ICAY 1AA
workshop™*ell4] £ A el A% e @A)
gt Xjol 5 HolFE Anels Aol HolF: oy,
Ist International GADA workshopollA+= A8 9w
0 o] 9851 Heol 2 AR olgl
E5h BolE 2ot i A} Sl Aoz A7t
=t} o]el] vl 2nd International GADA workshop®
oME e $4E oz dlel GAD | 27
) RIS Bolng ZARIgiE o] AL
SHRAE o83 Mool 4t GADEH T4
e A7io] ol £ 22 oleiges Al
4ok ATHe) ATE o) YEokn A, A=
%} GAD cDNAE o]£3} RBAol 9j3t GADgHI=
HF AT 76.2% % ELISAS] 9175 36.5%1} EIP
(enzyme immunoprecipitation)2] ®IZE 49.9% Hr}
=%tk AAEe] RBAR 3k GAD 3k f4E5
38% % HiQle] fEE 70~80%l| wlasld whoi),
Thai'” 5o] uhgalzo] 14.441Q] 119%¢] F39) &
o} AlIY Fur llAA EHagt FHE 38.7%9
= A3}l w3l 2nd  International GADA
Workshop”ell4] ELISA = EIPol| of3t o gl
Ao GADEA FAo| Evbsshtx slgich

GAD3A| S84 ZF 2ol 7 RIAO) 23 &
AL d¥og FAER] ke 223} human GAD65
9} PLprotein AZ AE3lo] GADIAHE 25
o2 1997\ Tiberti' Sof olel] RHuweic)
o] 7oA 2nd International GAD  Antibody
Workshop” 9] 712l 84g o|83] GADIHE 24
g A FHES ARUETA 304E 1Heg
33%, Ay Fud AT E 30WE 188joR
60%E Xo, 2nd International GAD Antibody
Workshop®ol| 412} the& 2z}t w)zela] e wizt
5(85.7%)9F E0]%(93.9%)2 uehHgithk RIAo)
23k GAD3MA| S o2 Wb ERT 7sln
whE Wl g W o] 3RS dite g 3 Ag)
A A% 7hssA gk

£ AlAE B} 4o A4 9l RIAR GAD
FAIE F4% 77}, RIAc] 23k GAD 3+ fH5L
ol AlY G skRbFolA 38% E RBASH RIAE
2 ARE Hglow, IRMAC 2% GAD &hl:
31%% vk W2 §HES H9rk RBAC 93
GAD index9} RIAS| 2J&k GAD (E7I|E §oleh
& BAE ek ol#]d GAD g $HE2 7|
o] Bt vlel tha g Holglor} Tsuruoka™ &
o] 921742} YELI A1 i 2halollA] GAD A
frd o] 35.4%eka gt Ae FAe) e,
RBA%} RIA® ]38 GAD Al fHEQ] Hol& K
W, Tiberti'’ Fo] RIAo] 2J3F GADZRA ki) o)
72%, RBAC]| 93t GADEH] 52 69.2%~77%
2 Harsle] Z4ubyoll wlel GADEA) Eell o
4 Aol Sleks g HolFrh AR5 74-5oll4
+ RBAS®} RIA] 93t GADEHA| fHE<] Xol=
2134k RIA 9F IRMAe]] 2Jdt GAD 3l -8E}e)
Kol= RIAGKIE HA buffer= protein AS 83}
ov, IRMAS] 79 anti-human IgG& A8 A
o] FHE Kol gk Ugle] selel AZF B o
ol el 7iEEe] gle AN dlzdeld
GADEAI7} 109 = 193] RS He=d), Roll
59 ATl ol g AN BE LA
o2 ulylo] o]E9] GADHl i3l 7h WY "R
GAARD Zelgt st £ ol GADEA| 4
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Eo] IFHARMN vlsl] F olf+= ICA K EolA9t
o] oA+ uidel 9 7ite] vha A, i IF
Zre] WA ukse] Xol, 514 991 ¥ A 2
9] #o] FoE A7tEIct

T, B Aol ICAS) GAD Ale] #A:
43 v}, ICA9F RBAY RIAE 731 GAD gje)
A& 5 85%0|9la, ICAS} IRMA of 2Jgt
GAD 3|2 UX|§L 75%F Petersen 70| T
of] ubggl Ay 2y gAb 13275ellAK ICA (87
w)9} GADHA (607) 8] Ux|-go] 69%F Higt A
I fAsigek aBag Ay Faw SRlelAA
ICAS}H GAD 3= 2 YX&-& Holn, o]2 Ko}
GAD 2RI} Ak s AEASA] uhgAle] dRE
< gdsle AeE Azt

ol4ke] Axkg =l Lol AE Dy ShjellA
4] RBA©l| 2J4t GAD ] 343 37 RIA] 23t
GADEH|e ZAHE A1y Fude] Ak 9 ol &
ARZ 88 Aoz Btk 53, RIAd &%
GAD#HA|9] 42 ohe whEXrl 7Hdsla whE
who|u g pe #xE o g Ak Al
88 ZloF A7

2 o

ST HiA: AN e AlEgdel i3 9
FAE A e APPY Agke® deiA Qlrk
ol5 g Z GAD gAlle ] §8 717l wet
i Eo| ZAFE ICASE k2] AN g
W FolE eay|7 AEHoE AEHh Bass
on Qlgwl Akl Bl ICA Bl A7pdeA
AN B Agk 9wy Gl o] 788 Zle
2 9uA gvk aEhd, AEH Sl of%t
GAD &9l 2Aye A Aol el 23 A
AARE tkk FAE 9ol GAD 8] ZiAtell st
I AEAdo] 9= QoA radioligand binding assay7}
ol&5|3 glow, T WAHAZAel 23 GAD
A A ApEigiek AR TRl sot Al
3 Fxd 3kxjollAlA RBA, IRMA 9 RIAE ©]83
GAD 3|9 8-S Z4s10d, GAD gAle| 8w

o g2l IRMA B RIA 9] §-848 Yobisict

uig 90 CHAN: k=) Ay Fd 3k 269 (o
2} 109, o3z 169, B A 144)# B4 iz
108 (A} 59, oA} 5w, B 947 15A)E e
2 Zmggdsglel oJgt ICA HAE Aldslar 2]
3L RBA, IRMA gl RIA HHHel] ¢Jsl] GAD x5 &
Ak

Zinl: RBA Tl RIAC] 3k GAD & fHES
Ay Fud Rl 25 38% (10/26)0]3L,
IRMAo®]| 2J3F GAD ¥4 -§48-2 31% (8/26)013]ck
RBAcl] 23t GAD index®} RIA©]] 2J3+ GAD <7}
e]i RBAo] 28t GAD index$} IRMAo] 2J%tH
GAD H7}Ae] Bl oko) AIiAE Hick

ZE: oA AE Tl AllY i PRl
AlX RBAol gt GAD 3| £43 34 RIA ¢
IRMA¢]] 9] GAD A% A 13 Fxrde] Ak
oflZe) FAAE F-83 Ao Hollh, ¥ w 3t
£ ez g odvrh e Aog A7t
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Measurement of GAD Antibodies Using

Radioligand Binding Assay, IRMA and

RIA in Patients with Type 1 Diabetes
Mellitus
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Kyu Chang Won, M.D., Thn Ho Cho, M.D,,
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Background: Type 1 diabetes mellitus is an
autoimmune disease in which serum antibodies

against islet antigens have been recognized. These
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antibodies include insulin autoantibodies (IAAs),
cytoplasmic islet cell antibodies ICA) and GAD
antibodies. Recently, there has been increasing
interest in the use of glutamic acid decarboxylase
antibodies (GADA) for the identification of subjects
with increased risk of developing type 1 diabetes.
GAD antibodies were first discovered in 1982 and is
detected persistently after long duration of type 1
diabetes, whereas ICA is transient. However, because
the classic immunoprecipitation assays of GAD
antibodies is still rather time-consuming, a more
simple and reproducible radiolignad binding assay
(RBA) is has been widely used recently. The RIA
(radioimmunoassay) and IRMA (immunoradiome-
tricassay) for GAD antibodies using "I-labelled
human GAD has been developed. The aim of the
present study is to evaluate the usefulness of each
methods.

Methods: We measured GAD antibodies by RBA
¥S-methio-

nine-labelled GADG6S, and protein A-sepharose to

with in vitro synthesized recombinant

separate free from antibody-bound ligand and
radioimmunoassay and immunoradiometric assay
using 2] |abelled human GAD kit, in addition to
measurement of ICAs by standard indirect
immunofluorescence technique in 26 patients with
type 1 diabetes(male 10, female 16, mean age 14
years) and 10 normal controls(male 5, female 3,
mean age 15 years).

Results: The overall prevalence of GAD
antibodies by RBA and RIA in patients with type 1
38% (10/26),
prevalence of GAD antibodies by IRMA in patients

diabetes  was respectively.  The
with type 1 diabetes was 31% (8/26). The frequency
of GAD antibodies by RBAJJRMA and RIA
increased as the JDF unit of ICA increased. There
is a significant correlation between the GAD index
(by RBA) and GAD concentration (by RIAand
IRMA).

Conclusion: These results suggest that GAD
antibodies (by RIA or RBA or IRMA) is useful for
screening and diagnosis of type 1 diabetes in
Korean, but long-term prospective studies on large

cohorts of patients is necessary.

Key Words: GAD antibodies, Type 1 diabetes

mellitus
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