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Neonatal hyperthyroidism and thyrotoxicosis
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Summary

Dioxins are difficult to decompose and are readily soluble in fat; these are characteristics
of organic chlorine system compounds. The Ministry of the Environment has enforced
“Dioxin special measures law” in 1999. The influences of the enforcement on the
concentration of dioxins in human biological samples have not yet been elucidated. This study
used high-resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS) to
measure the dioxins in breast milk from 1973 to 2004 and about the changes of the
concentration of dioxins in human breast milk after the enforcement of the law. '

Dioxins emitted into the environment there for a long period of time; they enter the food
cycle and accumulate in humans and animals. The source of the dioxin contained in human
breast milk changes with the compounds present in the environment. Dioxins and co-PCBs
from agricultural chemicals and PCBs greatly decreased, while the rate of reduction of those of
combustion origin was small.

The main sources of dioxins can be classified into large two groups, the combustion of
garbage and industrial waste and the other From 1973 to 2000, dioxins (high-chlorinated
PCDDs, PCDFs, and low-chlorinated PCBs) derived from the manufacturing process pesticides
and PCB products were yearly decreased. However, the pentachlorodibenzo-p-dioxin (PeCDD)
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and hexachlorodibenzo-p-dioxin (HxCDD) derived from the combustion, which are having high
TEE decreased slightly. After 2001, two years past from the enforcement of the law, the
changes of the trends of dioxins in human breast milk have been observed. The contribution
of PCDDs derived from the combustion to the total TEQ are decreasing. This would be one
of the effects brought by the enforcement of the law. The law could change the trends of
dioxins in biological samples of human and animals in the near future.

Key words: dioxin, polychlorinated dibenzo-p-dioxin, polychlorinated dibenzofuran, coplanar-

PCB, human breast milk
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3. ST

3.1 FLEEEEDTIVA U MR

AL /-FLBERAD 2 g ICNIZ &Y 'E (°C-2.3.7.8-
PCDDs. ®C-2 3.7.8-PCDFs & ®C~co-PCBs D 7t }
A AL, 0.5mol/e - KER{LAY 74~
/= VERI0me AR T, AY — 77— TH2EH, =
TS L CEF SR L. JOBREDWRT— M
LT ~NFHUEEKIOmes n-~FF »80me % Hl
ATIOPHEIRE Y LT o7 KBEHOSW D — b
IR LEF3EIOHH 1T o 70 AT BiEIAFH %
EAK100me T 2 Eipeis L TEAKWEES F U 7 A THK
1%, B L7.

3.2 pU—-27v

FROFHBHEEERFELALERB VNI TVAT A
BT LT r80meTHEL L. Bohiamhmw
BEETNVITHILIIBHRLT4% Y 7uary s/
ANFHS0meTTEBRLE (1st 752733 2), RWT
50% 70Xy /AFH L 50meTHERLS (20d 7
Foar),

1st 797 % a VFBMR HHERI I LICEFL
720 30% 700X Y [ AFHT5me THEM - L
Tn-/F 7 T50ut 5% L., mono-ortho PCBs 54 Ml
SENAR E L7z, RWTS0% N> ¥ v /BEBE T F L 75me
THEE - BHL Tn-/ F > TIl0utlZEH L. non-ortho

PCBs ##THEEBERE L7,

2nd 777 a iR, Ao a AN
1 7 MO RIZEREE (°C-1,2, 3, 4-Tetrachlorodibenzo—p~
dioxin (TCDD), “C-1,2.3.7.8,9-HxCDD) #* Mz Tn-
)4 > T50uet= A L. PCDDs & PCDFs 05 # A st
BwE L7,

ERENAOOY NI ST / BN REEEBMT
it (HRGC/HRMS) (CX 3 AEIE

SHEH 2 pe® HRGC/HRMS (H AR E T # Mstation
JMS700) 2 EA L T, selected ion monitoring (SIM) (2
X ) PCDDs, PCDFs B4 U co-PCBs ¥ €& L7, #IE
FEMEETLTIORL,

TCDD, PeCDD, HxCDD, TCDF, PeCDF, HxCDF:
SP™-2331 fused silica capillary column (Supelco, 0.25
mmx60mx 0.2um film thickness. USA), # 5 471
75 4 130°C (2min) — 15°C/min—200°C — 3°C/min — 260
°C (30min) : 7EADRE © 270°C,

HpCDD. HpCDF, OCDD, OCDF. non-ortho PCB:
5% phenyl—95% dimethylsiloxane fused silica capillary
column (DB-5MS, J&W. 0.25mmx30mmx0. 25um film
thickness, USA), # 5 4 70 ¥ 5 4 :130°C {2min)

B {5 Vol.16, No.4 [2006]
- 15°C/min — 230°C - 4 °C/min - 300°C (20min) : 13 A [
mE L 290°C,

Mono-ortho PCB:DB-5MS J & W. 0.25mx30mx0. 25
um film thickness!). # 7 47055 24 :130°C (2min)
~15°C/min— 180°C — 3°C/min~300°C (Omin) : E AR
& . 290°C. -

MS & 14 »{LEL: 270°C. 38V, =3 v ¥ 3~
L 600A, SEM EE © 1.8kV. 4rBEgE © 10, 000,

BIEL/-Y A A% VHIIWHO TTEFEVED b
Twv»5% PCDDs 7# PCDFs 108, non-ortho PCBs 4 &,
mono-ortho PCBs 8 f & L 7:. #RILTR{E L, TCDD,
PeCDD, TCDF, PeCDF {30 25pg/g-fat, HxCDD, HpCDD,
HxCDF, HpCDF i1, 25pg/g-fat, OCDD, OCDF # & 08
non-ortho PCB 142, bpg/g-fat, mono-ortho PCB {1100pg/g-
fat & L7, MBI TRRENTIROL LTHEL A, TEQ
I£20054F WHO o TEF BaFfliol- 055t L7ss

4. FHER

19734ED 62004 EDFIEF OS5 A 4 x> VEEOBRE
% Table 1 (EI&EEME) # X UF Table 2 (TEQf8) 1Z5R L
7zo SLEBRSF D 5 A4 4 ¥ 3 VHETEQERE (co-PCBs &
tr) 1319744 066. Opg-TEQ/gfat * MBI FE 4 WA L
T. 199841320, 6pg-TEQ/g-fat \= 7t o 7245, [ 54 4 %%
AR SRAFRIHE B IR ] RETT 2 O 20004 T R ICTBUIEL
L. 200441411 3pg-TEQ/g-fat & HIERM TR L 720 &
b &t (EiREME) Fic A5 L, OCDD E19754F @
1450pg/g-fat > 5 20034 032, 2pg/p-fat (2.2%) L BUALL
72¢ 1,2.3.4,.6,7,. 8-HpCDD ¥ 19734 D 175pg/g-fat 7> ©
20044F 5. 26pg/g-fat (3.0%) & L7 (Fig.1)o %
NICH LT, SiEFE & 618F 0 PCDDs O A E I HH
BIlo/h s #5121,2,3,6,7, 8-HxCDD X 1970 X5 6
19R0E R DE AT T, ZoOHEE L) HFRY
R F R L7 (Fig. 2)o PCDFs &3 XTOIL&HA
WA L7ze :

Non-ortho PCBs 81319734 Ti2697pg/g-fat 725 72 2%
20044F 1355, 8pg/g-fat & V121 i 4 L 726 3.3,4,4-
TeCB (PCB #77) (319734 O277pg/g-fat 7> & 19994 @
6. 75pg/g-fat (2.5%) & ik L 70 3.3.4,4.5 5-HxCB
(PCB #169) 131974552000 F ClLgELE{LIT L
Ao ET2 o 7o HS, 2001~20044 12 207 T PCB #126&
PCB #1690 A b, [ ¥4 F &3 v HExPwbEplig
BE] OBBEBOLNLEYE Y - ORFRD 1L
720 Non-ortho PCBs D TEQIZPCB #1265 F DI L A L
rED.

L5 Mono-ortho PCBs iRFEIXIBD & 1 A % o VI
HATHS TEIBERH. TEF 2KV 7-© TEQ ~DF
513 non-ortho PCBs & 0 $13 512/ & (Fig. 30 31
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Fig. 1 Time-courses of HpCDD and OCDD in human breast milk on a fat basis
(25 to 29 year-old mothers, no data for 1987)
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Fig. 2 Time-courses of PCDDs and PeCDF in human breast milk on a fat basis

(25 to 29 vear-old mothers, no data for 1987)



G TFLIGHS B4R non-orthoPCBs i 1L10% (24 L 72
A EFNFNOBLEIRLY, BEHDE O mone-
ortho PCB (PCB #189) 38 F DL 7% v PCB #105.
#118 (54EFE) IZHARTHEHAEIGE L, non-ortho PCB
Eltk. BIEE co-PCB L BIAOSERENZDHL N
AN

SLBERE D & 1 F ¥ 2 VEBIL, 1974 619985024
FERTHI0%IZ@HA LA, ToRAPOERET co-PCBs
DEPIZERT 5 E T HH K&V, 20005 LLEE (3
PCDDs @iV & 32 & 41, 20044 Tid %%(‘%%ﬂ%@
17% 2P L7 (Fig.4)o

5 & &

A FF vEFROREIR, OPCBEIOAMMY,
@EBEHFR®, OV THEEQICL ZIERREY, O
BREZ D 4 OFELFRBEEZONDL, TOHRTH
IR st @O EEEEY ¥ & U EEEYEL
*EERETE [T ARIGENI > CIHRERICERT S
CEWE] ELTHEEOHRTEEL TS Y14+ F
YETHD. BERIESWOWRBE L 0GR E AR S
N7k, EIZ PCDDs D4R (de novo BAL) S5, BE
HHREN300°C 55 LRV ERIZI EE (D F A 4 £ 3 VEH
EREIND?, EEREWSOTHRETCLEEIIRET
L, REERBEILLNBETLIA X2 VHIZIES
COBHEEFEENDDH, 5IEFL 6EFEPCDDOAD
LEEIEOROIIHNRT, @PEHEBIZE WD, 20006
FCRAFBERL VORI PEDLNLWEEEL 618
ZPCDD X, Thiuidh/i-sb LBbb, non-ortho PCB #
169D E A L&, PCB #1260 —8R b BREEIC X » TRE
35, Choi, JW 5319704 £ 19714 8 XL UF2000E D A
{ERERG D co-PCBs % HlFE L72A™, SEDEE L OHE
HE LR 438F &L 5385% co-PCBs M4 L, PCB #
169 (non-ortho HxCB) & PCB #189 (mono-ortho HpCB)
ML/ EmE L. BhE BEESIEERA O PCBs [6
MRIK - EHEBOFERERYRE LT, TOPTEEER
PCBs I X BFICER ISP T WI EFHL ML,
IS DEEITco-PCBs 12 L ABBHFENVELLLLT
WhEZEERRIET S,

[ 4 A% A REMEEE] OiTiE, JRtE»S
DO E B L KRB RBEORNIBO THREL L0
Lo — A, 744 %2 VHEOAKBEEONR L LIZESE
BH OBUCBNMEEIUZ LAY, RERHNS A A XY
HEIEL, BAEFEE ORETHRE TIZ20004£E D1, 45pg-
TEQ/kg/day #* 5 20044F £ M1, 41pg-TEQ/kg/day & 131 —
ETHY, T, BEECLLANEBLELEETHA
S B 7K U B B A A R D BV T b 19984E BE ~ 2004 4E 13
Fi98pg-TEQ/g T2 L B AEFED ST vy, L

CEHEILE Vol16, Nod [2006]

LS, EESIZ BFEPCBs %I LHE L7 POPs
Dh—gnF STy PBETY. BSOS
G—2 L BEROPOPs BEITLTLO—HL w2 &
FEHTLY, {h, BEEITOWRET PCBs &
POPs MEFLPREIIFHELE 2> TH2ER» S
YT ORI L, ¥44F2 ?ié‘i 2 IRBY R
TINS5 POPs EBRIOEBRET LB EEE IRV,
B LRSS 20 TEE VS LR R,

WHO 1998 TEF %ﬁﬁk‘f:ﬂﬂf?@ TA44F%L VHETEQ
EEE, BIHE (NATO E)OICHNTEEEL LML
£ H5. SE O WHO 2005BEFIC & ) TEQ IR I 1 <
%5720 WHO 1998 TEF Tld, BILF S 14 F S VIS
BLEFESENEV PeCDD O TEF £%0.5%°5 11272 9, co-
PCBs b5 14 F L yEE L TEEERLZ DL, &S
B 1974413 NATO EICHA_THL MEE ol &
B WHO 20058 ST, BILPICESREFET S
mono-ortho PCB @ TEFfEFKE (B S N/-708, 1974
5 O i FF 1387, Tpg-TEQ/g-fat 2 % 66. Opg-TEQ/g-fat {2,
20044E1314. 1pg-TEQ/g-fat 7 511. 3pg-TEQ/g-fat & & 4
L7 (Fig. 4.

RAZEOREFETCHBALFOSA T F 2 BL N
HRAERC S 55, BRTLRBADY A1 452 38R
E EEHTOEE BHREIERLALELEIERDL S
B LILLd s, BEELORE -WETHE, BILPDS
A4 % EBENSEIZHKS L DIEHpCDD,
OCDD, PCDFs B & Fco-PCBs T & B, TEF D & »»
PeCDD, HxCDD {32000 F TIZE A ERA L T izvy,
BRLMETHAMERBREO S A XV EE, &8
BEDPEERBERONEFTT> T2l bhhbod, &
ABLEDOBLD, &)X RIBEOINBE T2,

FAFFL EOESFMIACSTEQIZAR L E T
y—F A LTHE L A4 - BESFNE ASWEEL RIE
HEE, BEEZIEEL LTWDTY, 1998F 5 D WHO
BHMELET [ME 1 BENE (Tolerable daily intake,
TDI) i1 ~4pg-TEQ/kg/day & L, 4pg-TEQkg/day % 4
BORAMAEENE £EMZ2EFEL L Tidlpg-
TEQ/kg/day kil (ZBIBASEY ] & L7z, FAET H1999
%6 B, TDI %4pg-TEQkg/day {2 FXEL 72 ZDBREE
BBEEOHA—BRAOHELIIELELLNLT:
LALGeA s, MEROBILT Y443 A HEREIIE
FEAWA LABRETLFHTHIL 3pg-TEQg-fat TH
Bo FUBAMEE 1 kg #7001 Bil4. 5g DEEI = B3
SERLCEHES, F144F 2 yEOEREIL5] Opg-
TEQkg/day & % 5o S OEEEIL® 5 BEEDIE
ThH Y, PHEERBIOFBL Y, 106K 0FERIIE
FUME SRR S DT . 19744 TiE300pg-
TEQkg/day & BEBOTSIEI L% b, BEHOEH T
WIS SRS SR OB IR S U S



(pg-TEQ/g-fat)

Concentration

Concentration (pg-TEQ/g-fat)

35

30

20

15

10

90

o—Q
N -e-PCDDs -—PCDFs
K -O- Non-ortho PCBs - Mono-ortfio PCBs
O
O~
& . ________________
D a—& O
T NI N e R
O o
og O~o-q
N D O (i
O~0—Q
A N Oroom o Y
O
XA
o wn ~ (=% ko o w ~ (= -t o w [ wad [=a8 ot o
[l —~ ~ -~ [*.2] [~ [« > o0 [=a) (=) [ [ (=) > [
(=Y (=% (=N N (=2} [« [« (=Y [=2Y [N (=2 [=2N [=2N [ <D [}
- - i | - ] o —( —; - r— Rl —t — o o
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Assays for Thyroid-stimulating Antibodies and Thyrotropin-
binding Inhibitory Immunoglobulins in Children with Graves’

Disease
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AND NoBuo MATSUURA

Department of Pediatrics, Kitasato University School of Medicine, 1-15-1 Kitasato, Sagamihara, Kanagawa 228-8555, Japan

Abstract. Studies on thyrotropin receptor autoantibodies (TRAb) by measurement of both thyroid-stimulating antibodies
(TSAb) and thyrotropin-binding inhibitory immunoglobulins (TBII) in serum from children with Graves’ disease are
limited in number of studies. The aim of this study was to investigate the levels of serum TSAb and TBII in children with
Graves’ disease, and to evaluate the clinical significance of these antibodies. We measured the serum TSAb and TBII at
diagnosis and during management in 65 children with Graves® disease. Patients were divided into four groups according
to their metabolic state: those with untreated active Graves’ disease, those receiving treatment with antithyroid drugs,
those in remission, and those in relapse. At diagnosis, both TSAb and TBII assays had high sensitivities and high
specificities. In follow-up, the levels of both TSAb and TBII paralleled the course of the disease. There was a strong
positive correlation between TSAb and TBIL TBII levels were significantly higher in the patients with ophthalmopathy
than those without ophthalmopathy in untreated Graves’ children. It was concluded that TSAb and TBII measurements
are valuable in the diagnosis and management of children with Graves’ disease.

Key words: Graves’ disease, Child, Thyrotropin receptor autoantibodies (TRAb), Thyroid-stimulating antibodies (TSAb),

Thyrotropin-binding inhibitory immunoglobulins (TBII)

(Endocrine Journal 52: 505~510, 2005)

THE pathogenetic role of thyrotropin receptor auto-
antibodies (TRAD) in the serum of patients with
Graves’ disease has been widely accepted [1, 2].
Today, two kinds of assays are used to detect TRAb
[3, 4]. One is based on the competition between the
antibody and thyrotropin (TSH) for binding to the
TSH receptor [thyrotropin-binding inhibitory immuno-
globulins (TBII)]. The other is a functional assay that
measures the production of cAMP in response to a
TSH receptor interaction with stimulating antibodies
[thyroid-stimulating antibodies (TSAb)] or blocking
antibodies [thyroid stimulation blocking antibodies
(TSBADb)]. The competitive assay does not distinguish
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between the TRAD that stimulates or blocks the TSH
receptor. Only functional assays can identify whether
the antibody is a stimulating antibody or a blocking
antibody.

TRADb has a heterogeneous nature and multiple
forms of TRAD are found [3, 5-7]. TSAb and TBII
reflect different aspects of TRAD, hence the simul-
taneous measurement of both TSAb and TBII is
clinically useful [3, 8, 9].

However, studies on TRAb by measurement of both
TSADb and TBII in serum from children with Graves’
disease are limited in number [10-13], and the use of
TRAD testing in routine clinical practice in diagnosis
and follow-up of Graves® disease is debated [14, 15].
The aim of the present study was to investigate the
prevalence of serum TSAb and TBII in children with
Graves’ disease, and to evaluate the clinical signifi-
cance of these antibodies. Furthermore, to investigate
the influence of age on disease characteristics, we com-
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pared our experience with the clinical and biochemical
findings in younger (age <13 yr) and older (age =13 yr)
children with untreated Graves’ disease.

Subjects and Methods
Patients

Sixty-five serum samples obtained from children
with Graves’ disease were studied. Their median age
at diagnosis was 12.4 years (range 5.1 to 17.5 years).
A diagnosis of Graves’ disease was made on the basis
of clinical and biochemical evidence of hyperthyroid-
ism (suppressed TSH, elevated 3,5,3'-triiodothyronine
(T;), thyroxine (T,), free T, or free T,, goiter, increased
thyroidal uptake of 2], and signs of Graves’ ophthal-
mopathy when present). Patients who had eyelid re-
traction, eyelid lag, or proptosis were defined as subjects
with ophthalmopathy. Patients were divided into four
groups according to their metabolic state: those with
untreated active Graves’ disease {group I, n=35),
those receiving treatment with antithyroid drugs for
longer than 4 weeks (group II, n = 19), those in remis-
sion (group III, n = 6), and those in relapse (group 1V,
n=>5). Sera for control measurements were obtained
from 34 euthyroid individuals undergoing treatment of
non-thyroidal illness (growth hormone deficiency, type
2 diabetes mellitus) at the Pediatric Endocrine Clinic of
Kitasato University Hospital (group V, n=34). The
clinical data of the patients are summarized in Table 1.

Serum thyroid hormones and TSH were measured
at the time the patients were seen. Before December
2001, T;, T, and TSH were measured by immuno-
radiometric assay kits with T-3 Riabead, T-4 Riabead
and TSH Riabead (Abbott Japan, Chiba, Japan), re-
spectively, and free T; and free T, were measured
with Amerlite-MAB FT,; and Amerlite-MAB FT,
(Ortho-Clinical Diagnostics, Buckinghamshire, UK),
respectively. After December 2001, T, T,, free T;,
free T, and TSH were measured by electrochemi-
luminescence immunoassay system with Elecsys T,
Elecsys T,, Elecsys free T,, Elecsys free T, and
Elecsys TSH, respectively (Roche Diagnostics GmbH,
Mannheim, Germany). The reference ranges used for
serum T,, T,, free T, free T, and TSH were 70 to
180 ng/dl, 5.2 to 12.4 pg/dl, 2.5 to 4.3 pg/ml, 1.0 to
1.8 ng/dl, and 0.30 to 4.00 mU/L before December
2001, and after then, 80 to 160 ng/dl, 6.10 to 12.4
pg/dl, 2.30 to 4.30 pg/ml, 0.90 to 1.70 ng/dl, and 0.500
to 5.00 mU/L, respectively.

Furthermore, group I was divided into younger (age
<13 yr, n = 15) and older (age 213 yr, n = 20) patients.

Autoantibody measurements

Sera for TSAb and TBII measurements were collect-
ed and stored at -30°C until assay.

TSAb Assays. TSAb was measured as a percent in-
crease in cAMP production by porcine thyroid cells
with TSAb assay kit Yamasa (Yamasa Co., Choshi,
Chiba, Japan) [16, 17]. Sera whose TSAb levels were

Table 1. Clinical data for the patients in the five groups
Number of
Group Patients with Graves”  Age Gender patients with Basal TSH T T, free T, free T,
No. " disease and controls (yrs)  (female : male) ophthalmopathy (mU/L) (ng/dl) (pg/dl) (pg/ml) (ng/dl)
at diagnosis (%)
I 35  Untreated Graves’ 13.1 30:5 42.9 0.05>(n =32) 482 19.7 17.5 7.6
disease (6.6-17.5) 0.005>(n =3) (213--1020) (11.7-36.5) (6.4-34.2) (2.4-12.3)
11 19  Treated Graves’ 14.9 16:3 52.6 1.91 (n=12) 178 6.6 38 1.1
disease (6.9-17.7) (0.10-7.5)  (145-736) (4.4-17.7) (2.9-9.1) (0.5-6.4)
0.05>(n=17)
11 6  Graves’ disease 16.6 6:0 16.7 1.95 118 8.0 33 1.0
in remission (15.1-18.5) (0.70-5.0)  (65-147) (63-8.9) (1.94.0) (0.9-3.9)
v S Graves’ disease 15.2 5:0 40.0 0.06 (n=4) 460 22.6 12.9 5.6
in relapse (11.5-19.9) (0.02-0.53)  (198-949) (9.3-24.6) (4.0-20) (1.4-8.0)
0.05>(n=1)
v 34 Controls 11.3 15:.19 — 1.37 185 8.8 3.6 1.3
(6.8-18.6) (0.52-324)  (175-221) (5.9-102) (3.2-43) (1.0-1.6)

Values given are medians, with the range in parentheses.
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