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being injected with gold thioglucose into her hips for
the treatment of bronchial asthma. Blood samples had
been occasionally taken before and after the excision
operation of hip granulomas at the gold-thioglicose
injection sites, as shown. in Figure l: At time A in
1983, she experienced frequent hypoglycemic attacks.
For the treatment of IAS, she was: administered a
corticosteroid at time B in 1984, The steroid: (pred-
nisolone) controlled the hypoglycemic attacks for a
while and was then tapered off. Ten months later, she
fell into a coma induced by hypoglycemia at time C in
1985, Time Drin 1986 was just before the first opera-
tion for resection of her hip granulomas at the gold-
thioglucose injection sites. Time E was just after: the
second operation for hip granuloma resection.

75-g oral glucose load

After fasting for 12 hours; a 75-g oral glucose load was
given. Immunoreactive insulin (IRI) and C-reactive
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peptide (CPR) were determined in duplicate by
double-antibody R1As using a “Shionogi Insulin Kit”
(Osaka, Japan) and C-peptide kit “Daiichi III” (To-
kyo, Japan), respectively. Free IRI was measured after
the precipitation of antibody-bound insulin with poly-
ethylene glycol (PEG). Total IRl was measured by
acidification of the serum to dissociate bound insulin,
followed by assay with the insulin kit.

Scatchard analysis using human insulin

Serum deinsulinized with dexran-coated charcoal® was
used for the Scatchard analysis®. The serum was incu-
bated with 100ul of '*’I-human insulin (1.2 x
10% cpm/30-40 pg of human insulin/tube, Amersham,
Buckinghamshire, U.K.) in the presence of 100 ul of
serial concentrations of human insulin solution. After
precipitation with PEG 6000, the radioactivity of the
pellets was counted with an automatic gamma
counter.
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Figure 1. Profile of the clinical course of the patient. A, in 1983 when she experienced severe hypoglycemic attacks; B, when she
received steroid treatment; C, when she fell into a coma induced by hypoglycemia; D, just before the first operation; and E, just after
the second operation.
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RESULTS

Figure 1 shows a profile of the clinical course of the
patient.. At.time A, total IRI was found to be 9091
uU/ml.-Around time B, total IRI was decreased to
1000 uU/ml after steroid treatment. At time C, the
patient fell into a hypoglycemic coma with total IRI of
3500 uU/ml. After the first and second resections of
gold thioglucose, fasting plasma glucose was increased
constantly ‘and the total IRI showed a tendency to
decrease.

Figure 2 shows the Scatchard plots .of insulin anti-
bodies in sera collected at those five times. Table |
shows the k1, bl, k2 and b2 value for each Scatchard
analysis. Insulin antibodies in insulin-treated diabetic
patients were also analyzed by Scatchard analysis for
comparison with the data at times A to E. Before
prednisolone treatment, k1 and b1 were 0.085x 108 L/
mole and 17.5 x 10 -2 mole/L (A). After the hypogly-
cemic attacks had been confrolled with prednisolone,
the k1 value increased and the bl value decreased (B).
When the attacks recurred in 1985, the k1 value
decreased to 0.074 x 10% L/mole and the bl value in-
creased to 22.0x 10~ mole/L (C). Before the first
operation; the k1 value was 0.194 x 10% L/mole and b1
value increased to 24.5 x 10~ 8 mole/L (D). Then, after
the granuloma was partly removed; the attacks ceased.
Time E was just after the second operation to resect
the hip granulomas. Most of the granulomatous: tissue
could be removed from her hip by the two operations.
Again the k1 value increased and the bl value de-
creased (E). Thus, the k1 valué was higher and the bl
value was lower when hypoglycemia was relieved.
When hypoglycemia worsened, the k1 value was lower
and the bl value was higher. However, the Scatchard
analysis of insulin antibody showed that all values of
k1 were lower and all values of bl were higher than the
respective values in insulin-freated diabetics through-
out the clinical course.

Figure 3 shows results of a 75-g glucose tolerance
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test before the first resection operation at time D,
which indicate a hyperglycemic response to glucose
load. The serum total IRI concentration was increased
almost 1.7-fold after 2 hours, from 2225 to 3805 uU/
mi. The serum CPR concentration was increased
8-fold for the same interval, from 2.1 to 16.8 ng/ml.
Subsequently, the plasma glucose concentration de-
clined; reaching a value of 38 mg/dl after a further
2.5 hours. Both the total IRI and CPR declined during
these 2.5 hours. At this time point; CPR was decreased
2.71-fold from 16.8 to 6.2 ng/ml, whereas total IRI
was decreased 1.62-fold from 3805 to 2350 uU/ml,
suggesting a delay in insulin clearance. The rate of
decrease of free IRI was slower than that of CPR,
suggesting the supplement of free insulin probably
through the release of the bound insulin.

DISCUSSION

We previously described the profile of an unusual case
of presistent hypoglycemia, which was considered to
be induced by gold-thioglucose granuloma. The clini-
cal - picture of recurrent postprandial hypoglycemia
with findings of extremely: elevated serum IRI was
indistinguishable from that of insulin autoimmune
syndrome (IAS). For the treatment of the hypoglyce-
mia, the patient received a steroid, resulting in relief of
hypoglycemia. However, termination of steroid ther-
apy resulted in a hypoglycemic coma. Although steroid
treatment was recommended for effectively: relieving
‘hypoglycemia, gold ‘thioglucose granuloma was sus-
pected to be related to the persistent hypoglycemia.
Resection of the gold-thioglucose granulomas per-
formed twice successfully relieved her hypoglycemia.
Scatchard analyses were performed periodically to
demonstrate the relationship between the hypoglyce-
mia and the presence of the insulin antibodies with
high-affinity (k1) and low-capacity (bl) and low-
affinity (k2) and high-capacity (b2). As Table I shows,
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Figure 2 Scatchard analysis series for times A to E.
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Table1 Results of Scatchard analysis at each stage
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kil bl
x 10® L/mole

x 1078 mole/L

Time code of the patient

A 0.085 17,5
B 0.914 4.0
C 0.074 22.0
D 0.194 24.5
E 0.474 7.0
Five insulin-treated diabetic patients

F 1.65 1.1
G 1.45 04
H 1.48 0.08
I 4.02 0:18
J 7.11 0.12

k2 b2
x 10% L/mole x 10~ 8mole/L,
0.0012 106.7
0.0009 20.7
0.0179 384.6
0.0034 164.7
0.0068 53.8
0.0297 6.3
0.0125 12.5
0.0006 151.2
0.0328 2.3
0.0334 4.7

A to E are the time codes shown in Figure 1. Data of F to J were obtained from Scatchard analyses using sera containing insulin antibody of five insulin-treated diabeti¢

patients without hypoglycemia,
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Figure 3 - 75-g oGTT profiles for total IRI, free IRI, CPR, and glucose in'serum,

increase of the kI value and decrease of the bl value
corresponded with the relief of hypoglycemia, and
decreased of k1 and increased of bi corresponded with
worsening of hypoglycemia. The insulin antibodies of
- insulin-treated diabetic patients without hypoglycemia
exhibited a much larger value of kl and a much
smaller value of bl than the high-affinity (k1), low-
capacity (bl) population of insulin antibodies of our
patient during the hypoglycemic period. The high-
affinity (k1), low-capacity (b1) population of insulin
antibodies seems to be related to the occurrence of
hypoglycemia:

Redmon er al.'° hypothesized in their report of a
patient with a monoclonal insulin-binding antibody in
multiple myeloma that the increase in plasma glucose
concentration after a meal evokes the expected pancre-
atic release of insulin, a substantial proportion of
which becomes bound to the antibody, and as the
glucose concentration decreases and the insulin secre-
tion decreases postprandially, the kinetics of the
insulin-antibody interaction shifts to favor the release
of antibody-bound insulin, resulting in an inappropri-
ately high free insulin concentration in the presence of
decreasing glucose concentration, The results of the
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75-g glucose tolerance test shown in Figure 3 in this
study ‘support their hypothesis. Such" kinetics  may
support an equilibrium between. human insulin (I),
free insulin antibodies. (Ab), and insulin antibodies
bound to human insulin (I-+Ab):

(1) + (Ab)=2(1 + Ab)

With increasing blood. glucose, human insulin will
become the form bound to insulin antibodies, which
shifts the kinetics to the right. When the insulin anti-
bodies-are saturated with human insulin, the kinetics
shifts to the left; resulting in hypoglycemia due to the
presence of a large amount of free insulin in the serum,
‘When the high-aflinity, low-capacity population of the
insulin antibodies has a relatively low affinity constant
and high-capacity binding; such an equilibrium seems
to be established.

Other candidates, in addition to an elevated kl
value, are suggested to relieve or prevent hypoglyce-
mia: for example; disappearance of insulin antibody,
production of anti-idiotypic antibody against the insu-
lin antibody, the proliferation of suppresser T cells;
and the disappearance of certain adjuvants or imimune
modulators related to the production of insulin anti-
body. In general, 43% of IAS patients with insulin
autoimmune syndrome had received methimazole;
a-mercaptopropionyl glycine; or glutathione, which
are all sulfhydryl compounds, for treatment of associ-
ated diseases®. After termination of therapy with these
drugs, hypoglycemia was relieved within 4 to 5 days,
and the values of total and free IRI also gradually
decreased monthly (11-13). Hypoglycemia in our pa-
tient was relieved after resection of gold-thioglucose
granulomas. The drugs described above may be
strongly related to the development of IAS.

We recently revealed a strong association of insulin
autoimmune  syndrome  with HLA-DR4 carrying
DRBI1*0406/DQA1*0301/DQB1*0302. Graves® dis-
ease patients treated with methimazole developed
insulin  autoimmune syndrome on the base of
HLA-Bw62/Cwd4/DR4/DQ3  carrying DRB1*0406/
DQA1*0301/DQB1*0302'¢. Our patient possessed
HLA-Bw62/Cw4/DR4/DQw3 carrying DRB1*0406/
DQA1*0301/DQB1*0302°. Therefore, gold thioglu-
cose may be related to the production of insulin auto-
antibody, acting as a modifier of the immune system
under - HLA-DRB1*0406/DQA1*0301/DQB1*0302
restriction similar  to methimazole administered for
Graves’ disease. Unfortunately, lymphocytes involved
in the hip granulomas could not be detected as produc-
ing insulin autoantibodies (data not shown).

As we reported previously, dithiothreitol (DTT),
which acts via the cleavage of one or more disulfide
bonds in insulin, accelerated T cell proliferation in the
presence of DRB1*0406-transfected L. cells and hu-
man insulin!®, giving support to the hypotheses that
such ‘a sulfhydryl compound may present a new
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epitope-for autoantigen to self-T cells. Methimazole,
glutathione, “and "~ a-methylpropionyl glycine are all
sulfhydryl compounds; therefore, a new autoantigen
epitope is assumed to be exposed, leading to.develop-
ment of insulin autoimmune syndrome:. On-the other
hand, gold thioglucose ‘is not'a sulfhydryl compound.
In an electron micrograph showing a portion of the
resected granuloma’, the granuloma was still in the
active phase of inflammation, and lysosomes contain-
ing gold particles were still being freely discharged
from the ruptured macrophages. Since this indicated
that the local inflammation had continued for more
than 10 years; lysosomal enzymes could expose a
certain epitope of human insulin to the autoantigen.
In general, insulin autoantibodies in insulin autoim-
mune syndrome are polyclonal'®. The longitudinal
change of the k1/b1 population of insulin antibodies
suggests a clonal change of the B cells producing the
insulin antibody. Bad and good episodes in autoim-
mune diseases may be explained in terms of a clonal
change of B cells producing the autoantibody. Further
inivestigation is needed to determine the mechanism of
the clonal ‘change of B cells prodiicing the insulin
autoantibody in insulin autoimmune syndrome.
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Although insulin autoimmune syndrome (IAS) was found to be strongly related with
methimazole, rapidly increasing numbers of cases with alpha lipoic acid-induced IAS have
been confirmed to be reported since 2003. As alpha lipoic acid has gained popularity as a
supplement for dieting and anti-aging, a warning should be issued.

© 2008 Elsevier Ireland Ltd. All rights reserved.

The insulin autoimmune syndrome (IAS), or Hirata’s disease,
is characterized by the combination of fasting hypoglycemia,
high concentration of total serum immunoreative insulin, and
presence of autoantibodies to native human insulin in serum
[1]. In addition, IAS has a striking association with HLA-DR4
(mainly with DRB1*0406 and sometimes with DRB1*0403 and
DRB1*0407) [2,3], which showed that glutamate at position 74
in the HLA-DR 1 molecules was presumed to be essential to
the production of polyclonal insulin autoantibody in IAS [2].
Between 1970 [1] and September of 2007, the number of
spontaneous hypoglycemia cases caused by IAS reported to us
was up to 380.

Another characteristic has been observed in the medica-
tion at the onset of IAS as Hirata already mentioned a
relationship between IAS and methimazole [4]. The drugs are
listed in Table 1 which were given to cases at the onset of IAS at
the end of September of 2007. All of the drugs are sulphydryl
compounds which are also reducing compounds. There have

* Corresponding author. Tel.: +81 3 3353 8111, fax: +81 3358 1941.
E-mail address: uchigata@dmc.twmu.ac.jp (Y. Uchigata).

been reports of IAS outside Japan which were also associated
with sulphydryl compounds: pyritinol for rheumatoid arthritis
(Archambeaud-Mouverouz F. et al. 1988), Imipenem (beta-
lactam antibiotic) for urosepsis (Lidar M. et al. 1999), and
Penicilline G (beta-lactam antibiotic) for tonsillitis (Cavaco B.
et al. 2001) except those listed in Table 1.

In 2003, a case with IAS which was possibly induced by an
alpha lipoic acid was reported for the first time at the Kyushu
local meeting of Japan Diabetes Society by Hashinaga T, et al.
An increasing number of cases with alpha lipoic acid-induced
IAS [5-7] have been recently remarkable. There are 56 IAS case
reports in the database of Japan Centra Revuo Medicina
between 2004 and September of 2007. Among 56 cases,
methimazole for Graves’ disease was prescribed for 11 cases,
Tiopronin for one, Loxoprofen for one, and alpha lipoic acid
for 17 cases. Also, garlic might have been given (containing S-
allyl-mercapto-cystein which has s-s bond) to one case. Some
of polyclonal insulin autoantibodies were served for Scatchard

0168-8227/$ — see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.diabres.2008.10.015
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Table 1 - Drugs exposure ahead of development of IAS and associated diseases from 1970 to September 2007 in Japan.

Drugs Diseases n

Methimazole’ Graves’ disease 63
Alfa-mercaptopropionyl glycine (tiopronin)’ Chronic liver function/cataract/dermatitis/rheumatoid arthritis 45
Glutathione’ Urticaria 8
Gold thioglucose’ Bronchial asthma il
Captopril Hypertension 1
Penicillamine’ Rheumatoid arthritis 1
Acegratone Urinary balder carcinoma 1
Steroid Polymyositis 1
Interferon-alfa Renal cell carcinoma il
Loxoprofen sodium Rheumatoid polymyositis/lumbar pain 2
Alfa lipoic acid’ Dieting/anti-aging supplement 17
Miscellaneous 48

* Contains sulphydryl compounds itself or after decomposition.

plot analysis to investigate characteristics of them in our
laboratory. They showed the same characteristics as those
shown previously [2]. Molecular typing of the DRB1 gene
studied in 12 among 17 patients with alpha lipoic acid-IAS
revealed DRB1*0406 in 10, DRB1*0403 in two patients, whereas
all 11 patients with methimazole-IAS possessed DRB1*0406.
Rapidly increasing numbers of cases with alpha lipoic acid-
induced IAS have been confirmed to be reported since 2003.

Generally in Japan, alpha lipoic acid has gained popularity
as a supplement for dieting and anti-aging since 2004.
Formerly, it was used as a remedy for diabetic neuropathy
in the western countries while it was prescribed for the cases
of subacute necrotizing encephalopathy, hearing impairment,
and Reye’s syndrome in Japan. Alpha lipoic acid is a coenzyme
of an enzyme which activates oxidative decarboxylation
against pyruvic acid and alpha-keto acid in mitochondria.
When it is taken orally, it is reduced to dihydrolipoic acid with
sulphydryl componds in the presence of NADH or NADPH,
having a strong reducing ability to protect peripheral cells
from oxidative stress.

We previously reported that Graves’ disease patients who
carry DRB1*0406 developed IAS when they took methimazole
(Odds ratio, 2727; p < 1 x 107'%) [8]. Matsushita, et al. indicated
that a reducing compound such as methimazole may cleave
the disulfide bond in vivo and allow DRalfa-DRB1*0406
complex on antigen-presenting cells to bind much of the
linear fragment of insulin A chain, which may lead to the
activation of self-insulin-specific T-helper cells [9].

Although the development of IAS is convinced to be more
frequent in Japanese than Caucasians with respect to the
evolution of HLA-DR4 alleles [10], it is conceivable that those
who carry DRB1*0403 or DRB1*0407 which are more frequentin
Caucasians could develop IAS when they take drugs such as
alpha lipoic acid even though DRB1*0406 (Odds ratio, 56.6) is
stronger predisposition to risk of development of IAS than
DRB1*0403(0dds ratio, 1.6), and DRB1*0407 (Odds ratio, 1.1) [2].
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EHEOZVIC S 2hb 6T EEQRIMERET
RREh?, QBFEMPICIIKREDA VA ¥
(RD) »HET S, @FZ0KESEL R VH
CHEE AL TV AT LN TES
b | 300 A

TOH, 41V AY YHORBEERIBED



86 (198)

HLA L HB$2Z L HLRIC R 120, £
T, @A YA HORIEERNER O HLA-
DR4 (DRB1*0406) & @om\WHB TNz 5.
SHETHETAH, FEDO HLA BRI EFFEFEICH N
MEZRT 4 EBEPRE SN T A, ankylosing
spondylitis f2# 7 88 %% HLAB27% %, pemphi-
gus vulgaris B 91 %ix DR4® %, narcolepsy
BEDIFIT 100 %k < 12 DR2% %, primary scle-
rosing cholangitis ® %1% 100 %t < & HLA-DR
M52a % 27 L|ES N, £ AU YHER
EREEBREEO HLA L 0B E2 b0 5%
HowBE LR 5.

DRB1*0406 DA > XY > HERE
ERBFICHT 5 RBRZ M

BEICHEDN D> -FHREZ SHLTEREOH
BERBTCLEPHEDLIEDTELD DY S
WEBKEIA-LOZEDT, RYrz7u—+v
AR YHEH®EZEELLHARAL VR ¥
HORBERNESOZOHLARZHNL Z L)t
TEY, HLCRRDEA, T/ 70—F NV
A VHOHEEREET L4 A Y v HORERE
B, HLA B L IR —VIcHES).
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ZORRE, Ryzu—FnA R rHUhk
BEHA ) v HOREEREE I Bw62/Cwd/
DRADNTOu s L TRFEDLDNBEL, £D)
L DRADEENRRDIBV I EWNbhr oz, HH
TEEFRDQEIEDHHADTE, DENL CKE,
BEIFTHUILI LI bIb. T/, 241X DRI/-
Eo Tz (v X1 0.8 (95% CI0.39-1.82)).

DR4 @ genotype & # X % &, DRB1*0403,
DRB1*0406, DRB1*0407 % 4 2 Z & 2Sb 2o
oo AR VECREEBEREZEEL TV E
WHAAR a2 bu— VL LTHRET S L,
DRB1*0406 DR BIHE 217 5856.6 (95% CI120.4
=156) LW X v AW, HLD20DF 4 T
F v A2 1.1(95%CI10.09-12.0) 2L 1.6 (95
% C10.47-5.22) Th-o7: (F3).

ZDZ ki, DRBI*0406 i34 ¥ A ) YHER
BREBRRICH T 2 RBRZEUE D OE VR 5D,
DRB1*0403 %2\ L DRB1*0407, DR9 i, =% 7-
4 VR Y HERBERRERIET 52 LD
50, BICHLAPBEDO LGS 2HMLL v
BbIFTEEY, EWHBRICES.

AR Y BORBEEROSE 1 PLEAAMNED
BT, FHEEFUMNKEICHERICRRLAY.

# 3 Incidence of DRB1 alleles, Glu™ in DR Bl-chain and DBQ1 alleles in Japanese IAS polyclonal

responders and control subjects

IAS

OR (95% DRBI chain amino ;cid residue
confidence
interval) 37 74 36

; Control
patients
7 50 106
DRBI1 allele
DR4 48 (96) 40 (38)
DRY 12 (24) 29 @27
DRB1*0406 42 (84) 9 (8)
DRB1#0403 5 (10) 7@
DRB1*0407 1@ 2 (2
Glu™ in B-chain 50 (100) 70 (66)
DQB1 allele
DQA1*0301 50 (100) 74 (70)
DQB1*0302 48 (96) 26 (25)
DQA1*0301/DQB1*0302 48 (96) 23 (22)

39.6 (9.12~171) - = -

0.8 (0.39~1.82) Asn Glu Gly
56.6 (20.4~156) Ser Glu Val
1.6 (0.47~5.22) Tyr Glu Val
1.1 (0.09~12.0) Tyr Glu Gly

52.3(6.95~393) — o -

44.1 (5.84~332) — i e
73.8 (16.8~325) = - =
86.6 (18.8~380) — — =

Data are # (%) or OR(95% confidence interval).




No. 2= 2008

FOBLHETHRSL LI, HARAZIF 1H
HMAOMEDS LR ENLBETHLD5, BHHILOD
A ZIUCHA~NERICA WY,
DRB1*0406 & \» 9 DR4 genotype i3 d & & &
BET7 V7 ACEZW, HRAKZWZ EIZALR
Twiz. 22T, Z¥@sronf 2 YEHE
GIEEROBREV DLV OIPORMICEZ 5 X
y, WHRFABEEFBELIATy TLTH
L, HELRE

bholzZ Lk, DRBI*0403 3 &R <
445 LT 5%, DRB1*0406 & & E o> Jt &8 2
HeEE, HAIS A, DRBI*0407 X H Kk 7 A
VHKBEERNV TNV IZHH LTV,
ZoZ L H 5, DRB1¥0403 % 5 DRB1*0406 &
DRB1*0407 "N CHE L L 72dDTH 5 9,
DRBI1*0406 345 1CH7 V7 CHRIEL AT 5 =
Lot EZ NI,

HEAA R B CREERE
BEY

1970 X 0 1993 K F CLEBIUHED
WS, HoWFES, BRRZEScHRES L
SEFI, B XU 1982 4F & 1988 4E O 4 [ 2094 D FF
BB L7 v 7 — FAEY, &5IChH~
BABCHESIWLENLEEDELEZOHIT
Q28107 (R4 Y. BEFRHIILBNS
L 60~69 RICE— 7 BR L7 BREGLKN
B o XY Ladhokds, 20~29F0 Ltk
REROBHICKAE o, THIZZOERRE
DOAREEBHLBICSE FUREAHL VWA L
BENZLICEbEEDRS.

2002 EXKTCOMELHILL260%IC% o
7210, EREPRHET - I RX—-20HEDLED
&, 20034 ICIE 274 BICDIZ 7=,

2003 DD TENLEFHIHET — 5 X—
AMHUAS E, 56 FANEMShi.

BREAOTFEY

PRiL 0 S RO TANVA V- VIRH R OE

(199) 87

PUAKIEAEIR A IR 5 & Al s h'®,
WA=V EDOHEBEBEHEIER ST

1970 £ X D 1993 EEK F TOREHD S D 212 fi
ZDOWTHERICERSh w2 T LD
72bONERSETHLD, NERFIROLDIIATF
T (AN A—®) & FFER, BNE,
REAPHEB Y YFOLDIIF+ Su=r (F
F5®) ZIRALTWE TARY =Y 0B
TNV EFF Y (5FF 0O ZRRE P
RSB L. Chb0ERITWTRD SHE
TEUEMTHS.

FOMOERNCIE, PVTIALF, AFuA
K, I—=WFFEINVa—-X, 3T TV, R
=V, WEROTETT M, 4V E—
7xava®, MAT, BI7ILRR=YY Y
G9, B9V ¥ ARAANRTAY kv S

#£4 HEAAL YA YBOREERER 21260
PERU, ER PR M fE R

(RS SEAE S 5 L8 &t

0~ 9 0 1 1
10~19 1 1
20~29 4 13 17
30~39 10 7 17
40~49 20 13 38
50~59 24 19 43
60~69 25 25 50
70~79 20 15 35
80~89 3 6 9

G 107 - 105 212

%5 AR VHOREEGENZHRICHEELL

fboEBREIRE L TwzEH
A R SEBIEL
AFTS = Ik R dg 44
FETU= LR ie 353 25
% =] 6
s EEER 5
% B o~ 2
TNy FE DA 7
Z OS] 35
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T YBO Y F ) O [ mFFy B,
LRI TP, ThETOHREDHH O
MEhTBY, SHELOMENER T 5 TH
HEbObOHE (F6).

2003 IS, WLOTa— ) RBIZL hFR
M7ceEBZ N4 Y2 v HORERERERESH
HERTWED P, FHRBZOMOER OV &
DEHIE, TLOEREEZERL TV Ao/
(®1).

(6] #T/LRRDES—a—U REO
BXH

2004 420 5 2007 £ 9 H ¥ COE ik
T =3 R=APH, 56 %D V2 YHOCHRE
MERBELZM SN ) 2EAVMIBTE 5. &8,
1 BIBERRIR RAERF IR A > A ) U Hifkk o
FEFNI D Z V7=,

*x6 TohoFEHO—B

PLT7I<=4 R

ATHUAF

T— W FFF T Na—x*

A )

NI FIU*

TETFI by

fr¥—Txara

BITTEFALNRTL*

uxysar Ly

CF ) —n*

AVZTF2F

| N O

a—1) KEE*
*SHEZLObDRWL, HMREECHTZLD

FNVEVERERKE Vol 56

56 /D)L, BEERE LT, AVHIV—
W14, FAIH1IG, vxvyrur=r 14,
WAKS (s—sHEBEEETLs—TUNANHS
FRTFAVER) BB 18IC, a—) REN17
HCTHol (K8). 2003ELEIZE - T, Al
a— ) RREBIE L 724 R » HOREERR
PEMLCEZEw:s (F2).

XIHJ—IVERASICA R >
HOCREERBERIELANER
JiREED HLA R

ERRICARZZEH I, 4 ¥R ) v ACREREE
HERIEL N FYRBBRER, wihdxF<
V= (ANHT—N®) ZRALTWE, Su
EVFATTIN (F959—1% Z2RALT
WSt FORBRIR RN olz. AF Y~
ESHEZ OB ENF F 25 I NEd 17
vy,

AWA—=NVORRHIZS Y XY v HERERE

RBER R L7 FoinBE IRAIC D 2

bo¥A YA YHORBERBELREL VA
WAL FOREBERO HLAR 2 RHREL -2 &
7)%)524).

RTIHDHLHIC, DRA ZBAETIHIE, 41~
A YHORBIEGERRAE S P imBEH 100
%THH—7, 4 VA v HORERERERRE
NEFYHBEE6S%LEIZIZ—-B/AOOZRLR
CThHolk (p<4X107°). X512 DRB1*0406 7
FEA v WA 2,727 L o 7= (p<1X1071),
CDIEMhb, bLNE Ky EEE DRBI*0406

TNIFF

a—1) K MZ>
>

FA7 >
ANH =T >
1970~1993 £ 2003 4

B1 URMLZEES 2EHOMB (EER)
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B LCHRERELTALY Y=L RATH
3, o T A4 A yACREREERZEE T
LI ENRERB.

wAEETH o« FROBER

BB XZ2004EENISHARTE, ¥4}
Y, TYFIATYTRAOYTIAFELT
a—V) FBPLTERENB I hoTEL.
Z RPN b BCR T RB AR E OB HRE

(201) 89

& LT, BATHEAMEERNE & A EE
2T A IEBROHRBEEL LTERShTw .

a—") RBIEL LB L HRRNCHHBHEERT, I b
Ay FYTHTENVE VB a—7 FBIZKTT 5
BALWBLRBR G % FETLIMEOMELTDH
A, BOWICEN X5 L, NADH X% NADPH
HFETFTCYe Fa ) KRR I h, MileroR
NT T b DB A b L A2 EDOME %
Bifd 5 KM P R EIC/ER T bo.

g7 Allele frequencies of DR4 group in patients with Graves’ disease who developed or did not insulin

autoimmune syndrome

DR4 allele Graves’ with IAS Graves’ without IAS (Qscojodiznrg;l:nce p
(n=13) (n=50) .
interval)
04 13 (100)* 18- (36)® 47. 4 (5.78~389) <4X107°
0401 0 (0) 0 3.74 (0.22~63.6) 1.0
0403 (V) 2 @ 0.72 (0.06~7.45) <0. 47
0405 0 (0 14 (28) 0.09. (0.01~0.77) <0.034
0406 13 (100 0 2,727 (160~46, 400) <1X107%
0407 0 (0 1:(2 1.22.(0.10~14.49) <0.61
All 22 patients with: IAS without Graves’ disease also possessed DRB1*0406.
aThe number of subjects is given, with the percentage in parentheses:
%8 a—VERBREESERLELEZLNSA YR VHERRERNO—E
s EPER B9 IRILU/ml %&A&% HLADRBI* ek iR
1:46%b 55 T 8,149 95 406 - BEIRIE - 46(2) <200, 2003 AEX
2 HHbL 44 % 538 96 0406/0901  3ERR# 49(Supple 1) : S86, 2006%  HEK
3 fus 67 # 787 % ?  BER%  49(Supple1) : S321, 2006 HZNI
4 s 66 3B 660 88 406 BERE 49(7) - 587, 2006 R
5 MAL 30 X ZEHE 82 406 HEFRF 49(6) 478, 2006 £ i)=]
6 Hio 34 b8 400 93 061 HWAEE 82(3) - 707, 2006 W
7 BEbL 64 x 126 93 DR4  HHZEE 82(4) . 832, 2006 KK
8 ®|EALH 34 T =0 9.4 406 B 50(Supple 1).: 3452007 ERE
9 Takeuchi & 55 5 2,531 93.3 406 - Tnt Med 46(5) : 237, 2007 LAY
10 #HHEH 36 p'e 64.8 91 ? BER# 50(6) : 457, 2007 KK
11 {45 KL 35 5 1,949 Pkt 406 $ERE 50(7) £ 532, 2007 Ak
12 PEH 34 18 518 95 406 BERF 50(8) 1623, 2007 BERE
13 /M b 36 g8 995 82 2 HERRRE 50(10) 5 759, 2007 &M
14 LES 40 T 4,320 86 403 BEREBRIERE 32(4):663 2007 FH
15 #%#H 483 g8 119.2 92 406 iR 50(8) 641, 2007 &l
16 Yamada b 45 © 13,240 81.2 403 Diabetes Care 30(12) : el31, 2007  flix

#2O%ANEAERLC, DRBI*0406, o—Y) KEEIRA & BtRY 5T EAHIH

% Furukawa N et al Diab Res Clin Prac 75366, 2007 LR L
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C}‘Is
N
Methimazole l l TSH
N
a-mercaptopropiony! glycine CHsC,HCONHCHZCOONa
SH
(|3HzSH
glutathione N Hz?HCHzCHz CO-NHCH
i
COOH CONHCH:COOH
CHs
D-penicillamine CHs -é-CHCOOH
1 i
SH - NH;
Rl 2-1  Sulfhydryl Compounds
CH:0H
H ©) H
gold thioglucose l l
HO SAu
H OH
H CH:
. Lol
captopril H—C—C—C-§;:1—~COOH
o0
SHH O
0 0
+2e
OH D v OH
STS € SHSH
a—Y K Ml Je Fu YRR

a—" R BREIE Foy xrge

2-2 Sulfhydryl Compounds

9l SHEE A XU L HOREERER
DREFEA DX L

DRBI*0406 £ T U > 7SBRICx}+ 5 R A4 &
AY YEEMBOT Y >S5k ORRED 13, H DR
ﬁ%?ﬁ%ﬁ%héﬁ%DQ%%ﬁﬁ@ﬂéﬂ&

Wk, DRBI*0405%%A T Y »/38RICx LCid
EMAYRY VIBRMIC L ABBIEBI S o
720 Zlhb, DQAFEYDRATFICE ML >
AVYT 7727 PDPPFROREhBEEZ T
5. SHEDPE ML XY U2 8EL, B MY
A ZF D cryptic self #HFABAL I L2 L1z
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Strong association of insulin
autoimmune syndrome with
HLA-DR4

YASUKO UCHIGATA  SHOJI KUWATA
KATSUSHI TOKUNAGA YOKO EGUCHI
SUMIKO TAKAYAMA-HASUMI
MITSUKO MIYAMOTO YASUE OMORI
TAKEO Jujyi  YUKIMASA HIRATA

Insulin autoimmune syndrome is characterised by
spontaneous hypoglycaemia without evidence of
exogenous insulin administration, a high serum
concentration of total immunoreactive insulin, and
the presence of insulin autoantibodies in high titre.
HLA typing of 27 patients with insulin autoimmune
syndrome showed that all had DR4, which was
present in only 43% of 51 healthy controls (odds
ratio 721, p<2x10°%, and 19 (70%) of the
patients were positive for the allelic combination,
Cw4, Bw62, and DR4. Analysis of the nucleotide
sequences of the DRB1, DQA1, and DQB1 genes
showed that all the patients had DRB1°0406,
DQA170301, and DQB1 0302, compared with only
14% of the controls (odds ratio 281, p<1x10 ).
We conclude that the development of insulin
autoimmune syndrome is associated with a strong
genetic predisposition.

Lancet 1992; 339: 393-94.

The combination of a high serum concentration of total
immunoreactive insulin, the presence of insulin
autoantibodies, and fasting hypoglycaemia is known as the
insulin autoimmune syndrome. The disorder was first
reported in Japan,! where it is commonest, but there have
been cases in caucasians.? Although insulin autoantibodies
are commonly found before or at onset of insulin-dependent
diabetes mellitus (IDDM),} the titre of autoantibodics is
generally higher in patients with insulin autoimmune
syndrome than in those with IDDM. It is not yet clear
whether insulin autoantibodies have the same characteristics
in both disorders. We have previously reported HLA
associations in insulin autoimmunec syndrome obtained by
questionnaire.* Class 11 antigens seem to be more strongly
related to the disorder than are class I antigens.

Blood samples were collected from 27 patients (13 male, 11
female; aged 26-69 years) with insulin autoimmune syndrome by
their primary physicians, at least 5 years after the resolution of
hypoglycaemic attacks. All the patients had more than 100 mtl|
immunoreactive insulin at disease onset (normal < 10 mU 1) and
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more than 30% iodine-125-labelled insulin binding (compared
with less than 5% in patients with newly diagnosed IDDM in this
assay). Enzyme-linked immunosorbent assay showed the presence
of human IgG antibodies against human insulin, which must be
autoantibodies since there was no history of insulin injection. No
patient had insulinoma; all have been healthy since resolution of the
hypoglycaemic attacks. Pancreatic tumours were sought by
computed tomography, ultrasonography, angiography, and
pancreaticocholangiography in 6 patients, but none was found. 8
patients had received methimazole for Graves’ disease; 9
mercaptopropionyl glycine (tiopronin) for liver dysfunction,
cataract, or dermatitis; and 1 gold thioglucose for bronchial asthma.
The hypoglycaemic attacks started about 1 month after drug
administration. 51 healthy Japanese subjects served as controls.
HLA typing was done by the standard microlymphocyte toxicity
test in various laboratories; some results were confirmed in our
laboratory. HLA specificities and alleles were described according
to the Nomenclature for Factors of the HLA system, 1987 and
1990. The chi-square test, with Yates’ correction when necessary,
was used to assess statistical significance.

19 of the 27 patients had an allelic combination typical of
Japanese people—Cw4, Bw62, and DR4 (table 1).°T All 27
were positive for the DR4 antigen. The antigens Bw62,
Cwd4, and DR4 were significantly associated with the insulin
autoimmune syndrome (table 11), but DR4 showed the
strongest association.

TABLE |—HLA TYPING OF PATIENTS WITH INSULIN
AUTOIMMUNE SYNDROME

‘ HLA
Patient A B C DR DQ
1 2,26 40, w46 w4, — 4, — NT
2 11,33 44, w62 w4, — 4, wl3 wl, w3
3 11,24 44, w62 w4, — 4,9 NI
4 24, - w52, wb2 wi, w3 4, wb NT
5 11,24 wé2, — wé,; — 4, — w3, —
6 11,24 w60, wb2 w4, — 4,9 NT
7 |8 54, w62 wl, wéd 4, w8 wil, w3
8 11,33 44, w62 wd, — 4,9 w3, —
9 11,31 16, w62 wd, wl 2,4 NT
10 24,26 35, wbl w3, — 4,9 NT
11 24, 26 w2, - w3, wd 2,4 NT
12 24.26 wb2, — w4, — 4, — NT
i3 24, w33 17, wo2 w3, wé 4, wb wl; w3
14 2,11 wol, wo2 wd, = 4,9 w3, —
15 26, = 35, = w3, = 4, w8 w3, —
16 24 - 54, wb2 wl, wd 4, — w3, —
17 2,33 44, 35 w3, — 4, wi3 NT
18 11, 24 wbl, wé2 w4, — 4, wi2 w3, w7
19 24. 31 w2, - w3, — 4, wi2 w3, wi
20 201 51, w62 wd, = 4§, — w3, =
21 2= wdb, — wll; — 4, w8 wi, w3
22 2,24 5.3 w3, — 4,9 w3, —
23 2,26 35, wb2 wd, — 4, wi2 NE
24 24,26 35, wHh2 wi, wi 2.4 wl, w3
25 2,11 wol), w2 wi, wé 4, = NI
26 200 wh5, wb2 wi, w3 4, wb wl, w3
27 (R wb2, - wi, w3 1.9 NTF
NT =nottlested

t ‘Tables showing full details of patients, primers and probes used, and
frequencics of other alleles available from The Laneet.
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TABLE II—PHENOTYPE FREQUENCIES OF HLA ANTIGENS IN
PATIENTS WITH INSULIN AUTOIMMUNE SYNDROME (IAS)

No presentin:
Controls | IAS patients Odds
Antigen (n=51) (n=27) ratio p
All 15 12 1-90 <01
A24 19 13 1-60 <03
B35 10 6 1-20 <07
B62 13 22 12:9 <2x.10°%
Cw4 8 18 10:8 <5x 1076
DRI1 5 0 0 <02
DR2 17 3 0:25 <0:6
DR4 22 27 72'1 <2x]0-6
DRw6/wl13/wl4 7 5 148 <05
DR7 1 0 o0 1-0
DRw8 13 3 0-37 <02
DR9 13 7 1-00 <09
DRwi2 6 3 0-94 1:0

We analysed the nucleotide sequences of HLA class 11
genes by the polymerase chain reaction sequence-specific
oligonucleotide chemiluminescent method.’t DR4 group-
specific amplification was done. All 27 patients had the
DRB1*0406 allele compared with only 7 of the 51 controls.
The allele was positive for DRB37-1, DRB70-3, and
DRB86-3, and negative for DRB57-1, DRB70-1, DRB70-
5, and DRB86-1. In additon, all the patients had
DQA1*0301 and DQB1*0302.1 Since the frequency of the
allele combination DRB1*0406/DQA1*0301/DQB1*0302
in the 51 controls was 14%, this difference was highly
significant (odds ratio 281, p < 10 *°). The frequencies of the
other HLLA-DR4 specificities were lower than in controls,
but the differences did not achieve significance in this study.

Insulin autoimmune syndrome is the latest of very few
disorders for which all affected patients have the same HLA
antigens. Since there is a strong linkage disequilibrium
between DRB1*0406, DQA1*0301, and DQB1*0302 in
Japanese people it is difficult to find out which allele is most
closely linked to the development of insulin autoimmune
syndrome.

Ziegler and oolleagues’ reported that among patients with
type 1 diabetes and their relatives, those positive for DR4
had a higher prevalence of insulin autoantibodies than did
those without DR4. However, no strong association
between HLLA type and the oconcentration of insulin
autoantibodies was reported. Type 1 diabetes did not
develop in any patients in our study.

There have been 190 reported cases of insulin
autoimmune syndrome during the past 20 years in Japan,
compared with only about 20 in Europe,® this difference
suggests an effect of race in the development of the disorder.
It is noteworthy that HLA-DRB1*0406 has a high
prevalence in Korean and Japanese people (unpublished).

More than half the patients in this study and about a third
of patients with insulin autoimmune syndrome from other
countries had previously received methimazole,
mercaptopropionyl glycine, gold thioglucose, glutathione,




or D-penicillamine;#° all these drugs are sulphydryl
compounds. 1 of our patients had her first hypoglycaemic
attack 2 days after the administration of tolbutamide, a
sulphonyl-urea compound. Further studies on the relations
among insulin autoimmune syndrome, HLA-DRB1*0406/
DQA1*0301/DQB1*0302, and such drugs may shed
further light on the pathogenesis.

We thank Dr M. Hakamata, Dr A. Takagi, Dr Y. Akamine, Dr T.
Sugimoto, Dr H. Kurahachi, Dr T Nishi, DrC. Sugimoto, Dr Y. Oka, Dr 1.
Morimoto, Dr H. Hara, Dr K. Nogi, Dr K. Yamashita, Dr T. Kuzuya, DrH.
Koushima, Dr T. Hashimoto, Dr J. Suzuki, Dr K. Ishida, Dr T. Murakami,
Dr K. Tanaka, Dr M. Chino, Dr J. Yamakawa, Dr H. Hayashi, Dr N. Sano,
and Dr S. Yokosawa, who kindly provided blood samples; Miss Masami
Yanagisawa for technical assistance; and Mrs Noriko Doi for preparing the

paper.

Please notify us (fax: 81-3-3358-1941) of patients who present with a high
titre of insulin autoantibody.
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Differential Immunogenetic Determinants of Polyclonal
Insulin Autoimmune Syndrome (Hirata’s Disease) and
Monoclonal Insulin Autoimmune Syndrome

Yasuko Uchigata, Katsushi Tokunaga, Gerald Nepom, Makoto Bannai, Shoji Kuwata,
Nicoletta Dozio, Edward A. Benson, Kjersti S. Ronningen, Glatgen A. Spinas, Kenji Tadokoro,

Yukimasa Hirata, Takeo Juji, and Yasue Omori

The ‘insulin_ auteirmune  syndrome (IAS), or Hirata's
disease, is characterized by the combination of fasting
hypoglycemia, high concentration of total serum immuno-
reactive insulin, and presence of autoantibodies to native
human insulin in serum. Autoantibody production is clas-
sified as monoclonal or polyclonal, with the majority of
IAS cases classified as polyclonal. Previously, we ob-
served a striking association between the human leuko-
cyte antigen (HLA) class II alleles DRB1*0406/DQA1*
0301/DQB1*0302 and Japanese IAS patients with poly-
clonal insulin autoantibodies (1AAs) and T-cell recogni-
tion of human insulin in the context of DRB1%*0406
‘molecules. Because of such a strong HLA association in
IAS,; we performed intra- and interethnic studies on
JAS-associated DRBI alleles and searched for the critical
amino acid residue(s) for IAS pathogenesis. Glutamate at
position 74 in the HLA-DR4 B1-chain was presumed to be
essential to the production of polyclonal IAA in JAS,
whereas alanine at the same position of the HLA-DR
B1-chain might be important in the production of mono-
clonal TAA. Diabetes 44:1227-1232. 1995

uman leukocyte antigen (HLA) is implicated in

the genetic background of susceptibility to a

number of diseases. Some of the diseases are

related to specific amino acids on certain do-

mains of HLA class II molecules that are distal to: cell

membranes (1-4). However, there has not been enough

evidence that such amino acids on HLA class II molecules

are essential for selfpeptide presentation to T-cells in auto-
immune diseases.

Our recent studies indicated that all the insulin autoim-
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mune syndrome (IAS) patients had specific HLA class II
alleles, DRB1*0406, DQA1*0301, and DQB1*0302, which al-
lowed T-cells to proliferate when autologous antigen-pre-
senting cells were exposed to human insulin (5,6). Further
study indicated that gene products of DRB1*0406 act as the
dominant restriction element for the presentation of human
insulin (7). To our knowledge, IAS is the only autoimmine
disease in humans where the target antigen (insulin) and the
presenting molecule (HLA-DRB1) have been clearly eluci-
dated.

There have been 197 reported cases of IAS during the past
20 years in Japan (8); compared with only about 20 cases in
Caucasians (9,10) in the almost 25 years since Hirata et al.
(11) first described the disease in 1970. This difference sug-
gests an ethnic difference in the distribution of the suscep-
tibility gene(s) to IAS. It is noteworthy that DRB1#0406 has a
high prevalence in healthy Japanese and Koreans, whereas
the allele is rare in Caucasians (12). The critical amino acid

- residues(s) of DRB1*0406 for IAS pathogenesis may be

determined by the search for alleles other than DRB1*0406
associated with the development of IAS in extended studies
in Japanese and other human populations.

In the present study, IAS-associated HLA-DRBI alleles
were examined in terms of clonality of insulin autoantibod-
ies (IAAs) and intra- and interethnic differences to determine
the HLA risk for IAS in patients from different countries with
either polyclonal or monoclonal insulin autoantibodies: Of
the 197 IAS patients in Japan registered in our records (8),
approximately one-fourth were subjected to serological HLA
typing and further DNA-based allele typing in this study.

RESEARCH DESIGN AND METHODS

IAS patients. IAS, or Hirata's disease, is characterized by the combi-
nation of fasting hypoglycemia, high concentration of total serum
immunoreactive insulin, and presence of autoantibodies to native hu-
man insulin (IAAs) (13). In addition to our previously described 32
Japanese, 2 Korean (14), and 1 Chinese patient (15), a further 19
Japanese and 6 Caucasian IAS patients were examined in the present
study (Japanese patients 33 to 50 and the white American patient [16,17]
in Table 1, and 1 Japanese, 1 Norwegian [18,19], 1 Swiss [20]}, and 3
Italian patients [21-23] in Table 2). IAS development was associated
with drug exposure in 36 of the 60 (62%) patients. In 30 of these 36 (83%)
patients, the associated drug was a sulfhydryl compound: methimazole,
carbimazole, glutathione, penicillamine, or a-mercaptopropionyl glycine
(Tables 1 and 2) (24,25). Blood samples from the patients were provided
by their primary physicians.

Determination of features of IAAs. IAAs from IAS patients were
classified as polyclonal or monoclonal on the basis of affinity curves for
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POLYCLONAL AND MONOCLONAL IAS .

TABLE 1
Summary of clinical characteristics of IAS polyclonal responders, at onset of IAS

Ethnic Patient  Age TIRI 125 jnsulin
background no: (years) = Sex (pmollX 10®) binding (%) Drug ‘Associated disease HLA-DR

Japanese 1 26 F 114.3 69 MTZ Graves’ 4, —
Japanese 2 52 F 54.5 73 GTG Bronchial asthma 4,13
Japanese 3 47 M 234 79 — _— 4,9
Japanese 4 58 M 0.8 48 - — 4, —
Japanese b 54 F 60.0 70 MTZ Graves’ 4, —
Japanese 6 36 M 82 59 e — 4,9
Japanese 7 45 F 7.2 32 MTZ Graves’ iy 8

Hashimoto’s

IgA nephropathy
Japanese 8 62 M © 126 69 —_ —_ 4,9
Japanese 9 54 M 44 81 MPG Liver dysfunction 2,4
Japanese 10 61 F 5.1 72 MPG Cataract 4,9
Japanese 11 44 M 3.0 70 MPG Dermatitis 2,4
Japanese 12 39 F 2.7 69 MTZ Graves' 4, —
Japanese 13 69 M 12.3 65 — — 4,6
Japanese 14 57 F 2.8 51 = — 4,9
Japanese 15 68 F 11.7 68 MPG Liver dysfunction 4,8
Japanese 16 48 M 11.1 81 MTZ Graves' 4, —

Drug-induced arthritis
Japanese 17 64 M 4.6 82 MPG Dermatitis 4,13
Japanese 18 58 F 12.0 81 — - 4,12
Japanese 19 49 M 119 48 MPG Liver dysfunction 4,12
Japanese 20 69 F 167.2 67 TBM NIDDM 4, —
Japanese 21 55 M 0.9 48 MPG Liver dysfunction 4,8
Japanese 22 53 E 35.0 55 — — 4,9
Japanese 23 69 M 470 65 MTZ Graves' 4.8
Japanese 24 36 F 1925 9 MTZ Graves’ 2,4
Japanese 25 43 F 23.0 57 MTZ Graves’ 4, —
Japanese 26 68 M 54 64 MPG Liver dysfunction 4,6
Japanese 27 66 F 21.0 57 MPG Cataract 4,9
Japanese 28 49 F 18.0 83 MTZ Graves’ 4, —
Japanese 29 b4 M 34 67 MPG Liver dysfunction 4 -
Japanese 30 70 E 468 94 MTZ Graves’ 4, —
Japanese 31 67 F 120.0 80 — — 4.8
Japanese 32 50 E 1.7 64 GTT Urticaria 1,4
Japanese 33 52 M 133 38 — — @6 o3
Japanese 34 74 M 52 8 —_ — 4, —
Japanese 35 54 M 3.0 76 — - 4.8
Japanese 36 79 M 3.1 70 — — 2ouo>
Japanese 37 49 F 14 88 — NIDDM B9 oyoy
Japanese 38 59 M 24.3 69 MPG Liver dysfunction 4,8
Japanese 39 66 M 6.2 91 — Hypertension 4,—
Japanese 40 84 E 5.0 73 MPG Liver dysfunction 4,6
Japanese 41 42 F 25 24 MPG Liver dysfunction 4,9
Japanese 42 71 F 5.1 67 e = 4,15
Japanese 43 70 F 45 84 INF-o Renal cell carcinoma 4.8
Japanese 44 65 M 1.1 - 50 gt o 4.8
Japanese 45 64 M 9.3 48 Steroid Polymyositis 9, —
Japanese 46 49 F 54 75 e s 2,4
Japanese 47 71 M 3.0 68 MPG Liver cirthosis 4, 12
Japanese 48 81 M 14 92 — — 414
Japanese 49 7 M 0.7 64 Aceglatone Urinary bladder carcinoma 9, —
Japanese 50 71 F 74 80 AHT drugs Hypertension 4,6
Korean 1 61 F 12.0 90 MTZ Graves' 4, —
Korean 2 31 F 89 62 MTZ Graves' 4.9
Chinese 1 18 F 36.4 82 MTZ Graves' 4, —
White American 1 61 F 48 1:64* PNC Rheumatoid arthritis 4,5

Hypoglycemic attacks occurred ~6 weeks after drug administration. All of the patients have remained healthy since the resolution of the
hypoglycemic attacks (21). Abdominal computed tomography, abdominal ultrasound, abdominal angiography, and pancreaticocholangiog-
raphy examinations performed in six patients failed to reveal the presence of a pancreatic tumor. Total immunoreactive insulin (T-IRD
(normal range, <5 pU/ml) (6) and *°Llabeled human insulin binding (normal range, <5%) (6) were measured as previously deseribed.
Methimazole (MTZ) was administered orally for treatment of Graves' disease. Gold thioglucose (GTG) was administered intramuscularly
for treatment of bronchial asthma a-mercaptopropionyl glycine (MPG) was administered orally for treatment of liver dysfunction, cataracts, or
dermatitis. Only otie tablet (50 mg) of tolbutamide (TBM) was administered orally for treatment of non-insulin dependent diabetes (NIDDM)
before the hypoglycemic attack. Glutathione (GTT) was administered intravenously for treatment of urticaria. Interferon-o (IFN-a) was
administered intravenously for treatment of renal cell carcinoma (37). The anticancer drug aceglatone was administered orally for
treatment of urinary bladder carcinoma Japanese patient 50 was taking antihypertensive (AHT) drugs when IAS developed. Penicillamine
(PNC) was administered orally for treatment of rheumatoid arthritis. Japanese patients 33, 36, 42. 46, and 48 possessed the DRB1*0403
allele. Japanese patient 37 and the white American patient possessed the DRBI1*0407 allele. The remaining patients, with the exception of
Japanese patients 45 and 49 (DR9 homozygotes), possessed the DRB1*0406 allele. *1:64 was expressed as positive (9,10).
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