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Low T3 syndrome in Kawasaki disease: Relation to serum levels of
tumor necrosis factor— ¢, interleukin-6 and NT-proBNP

Hye Kyung Cho, M.D., Jin A Sohn, M.D., Hae Soon Kim, M.D. and Sejung Sohn, M.D.

Department of Pediatrics, Ewha Womans University School of Medicine, Seoul, Korea

Purpose : We investigated the relationship between thyroid hormone and serum tumor necrosis factor (TNF-« ), interleukin
(IL6) and N4erminal fragment of probrain natriuretic peptide (NTproBNP) in patients with Kawasaki disease (KD).
Methods : Serum levels of thyroid hormone, TNF-¢, IL-6, and NTproBNP were measured in 52 KD patients in the acute
and subacute phase and 10 patients with acute febrile illness (control group). TNF-¢ and IL-6 were determined by sandwich
enzymedinked immunosorbent assay (ELISA). Echocardiography was performed to detect coronary artery lesions (CAL) in KD
patients.

Results : Low T3 syndrome occurred in 63.5% of KD patients. T; in the acute phase of KD was lower than that in the control.
In KD patients, T3 was lowered in the acute phase and elevated in the subacute phase, whereas TNF-¢, IL6 and NT-proBNFP
were elevated in the acute phase and decreased in the subacute phase. NTproBNP, and IL-6 were higher in patients with
low T3 than in those with normal Ts. In addition, T3 inversely correlated with IL-6 and NToproBNP. Of the 4 patients with CAL,
3 had very low Ts. Compared with intravenous immunoglobulin (IVIG)+esponsive patients, IVIGresistant patients had lower T3
and higher IL6 and NTproBNP.

Conclusion : T; decreases in the acute phase of KD and normalizes in the subacute phase without thyroid hormone replace-
ment. Low T3 may be partially induced by IL6 rather than TNF-«, and is strongly associated with high NTproBNP. T3 in KD
may be used for the differential diagnosis, monitoring the activity of the disease, and predicting the severity of inflammation.
(Korean J Pediatr 2009;52:234-241)

Key Words : Mucocutaneous lymph node syndrome, Euthyroid sick syndrome, Tumor necrosis factor-«, Interleukin, Probrain
natriuretic peptide
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A7 oﬂ %ﬂ%% 747% EEste] A E2E(Ty/TSH/free Ty),
C-HH&-A ©@(C-reactive protein, CRP), NT-proBNP, blood
urea nitrogen (BUN), creatinine (Cr), aspartate aminotrans-
ferase (AST) ¥ alanine aminotransferase (ALT)E &4 3}
-70CoNA ¥5 Bast gxpte] 547 2 otad7] @43
zte] wdr] Aol TNF- e 9 IL-65 2H7F SA3kdch
F3 Ty, TSH 2 free T4 Architect i2000 (Abott, Chicago,
USA)E AH&-3te] shahihad & ¥ (chemiluminescence immuno-
assay) 2=, NT-proBNPE Elecsys 1010 (Roche Diagnostics,
Germany)& AF&-3te] 77| 8}shi3w 99 (electrochemilumine-
scence immunoassay)2-Z 743tk TNF-ae+ human
TNF-a kit (BioSource, Camarillo, CA, USA)E, IL-6+
human IL-6 kit (Invitrogen Corporation, Carlsbad, CA, USA)

©3] 7]%3HH, TNF-a 9 1L—6°ﬂ rﬂoﬂ —‘:——0131 3l %%%’%x‘ﬂ
(monoclonal antibody)”} Z® ¥ microtiter strip2] welldll ¥+
A3} A 100 uLE ¥, TNF- e <} IL-65 745 Ao 4%
A1 o5, wash buffer 0.2 A% F 7tz TNF- o 9} IL-6
A7vataet o
Al A4 gk ¥ Streptavidin-Peroxidase T8 #H7Fsle] o] &4
7} biotinylated antibodyoll ZA3}stAl sk th o] thA] g ®le]
A e o AX ZEA g FA-TAE AAS F 7|4

(e}
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o] 50152l biotinylated monoclonal antibody <

3l VersaMax spectrophotometer (Molecular Devices,

Sunnyvale, CA, USA)E ©]8-3t4] 450 nmelAl FHEE =3}

Sk BE 4L 29 w8 A PSHT TNF- o 9 IL-69] H&
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0é(>38 T)el

BAEAS SPSS for Windows (version 15.0, SPSS, Chi-
cago, IL, USA)E AH&3te] ZFeAMI Y Skttt izt o] vl
= Mann-Whitney U test®, 7FAIH Exltoll Al 523719
ol 719 783 W% paired t test®, A Ty skl
2 g3 FHX9 #o]& Student's t-testZ BRI, A
8o g FAA 2ol Mann-Whitney U test2 2413}
Atk Ty sk 4 Ak FdadA 3 IL-69 CRP}H

A= Pearson ABAFZ TatA EAF $o £ e p<
0.05% 3ttt
£ 1}

1. 24 JiAY etxizat tH2E9| Hlw

1) I8ty £

YA gabte] el it 31.0+23.3702(4-113719)
o1l R Hit 287+2867MEGB-MUMDE F F 1t
Aol RATHP>0.05). $HAkt 523 i 104 B
W& 747} 35:173 7302 F ot gkl &zt A THP>0.05).

2) ZAM S22l TNF-«e, IL-6 X NT-proBNP sk

I Ty F4 7Y SRkl A 86.8136.6 ng/dL
(range, 25.0-172.4 ng/dL)& WlZ(116.7+24.4 ng/dL)ell H]
3 st kol (P<0.05, Fig. 1A), TSH free TiE T
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Fig. 1. Serum levels of (A) T3 (B) TNF-a and (C) IL-6 in acute Kawasaki disease (KD) patients and the control group.
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Fig. 2. Changes in serum levels of (A) Ts, (B) TNF-«, and (C) IL-6 in serial samples of 22 patients with Kawasaki disease at

the acute and subacute phase.

Table 1. Laboratory Findings in Kawasaki Disease Group
and Control Group

Table 2. Laboratory Findings in Acute and Subacute Kawa-
saki Disease

KDn(:aSCZute) Cgrzl%ol P value ?lc:%tze Surlljfzc;te P value
Ts (ng/dL) 86.8+36.6 116.7+24.4 <0.05 T3 (ng/dL) 84.3+£33.0 109.3+37.5 <0.01
TSH (mIU/L) 1.5*+1.0 1.8%1.1 NS TSH (mIU/L) 1.6+09 18+16 NS
Free T, (ng/dL) 1.3+0.2 1.1£0.2 NS Free T, (ng/dL) 1.4%+0.2 1.3+0.1 NS
CRP (mg/dL) 9.0£6.6 1.0£0.9 <0.001 CRP (mg/dL) 91+£52 1.6+2.0 <0.001
TNF-a (pg/mL) 122.7£129.5 345*11.3 <0.05 TNF- e« (pg/mL) 145.4+146.9 32.0£30.1 <0.001
IL-6 (pg/mL) 230.4£151.1 23.7140.7 <0.001 IL-6 (pg/mL) 237.0+t147.1 222+67.1 <0.001

NT-proBNP (pg/mL) 2,099.4%+3,107.9 227.8+£3464  <0.001

NT-proBNP (pg/mL) 2,098.7£3,193.9 708.6%+1,158.6 <0.001

Values are expressed as mean=®SD
Abbreviations : KD, Kawasaki disease; T3, triiodothyronine;
TSH, thyroid stimulating hormone; NS, not significant; Ty,
thyroxine;, CRP, C-reactive protein; TNF- @, tumor necrosis
factor- @; IL-6, interleukin—6; NT-proBNP, N-terminal frag-
ment of pro—brain natriuretic peptide

o Zbel fefgk zbelvt gldlt) #AbAte] yolE *73%5}04 A4
Tye #3100 ng/dLE 3wV 7]&2 6o} vhe Ty 5k
5 19l A= AA 529 T 33WoE FA It H el A A
Fitel MEE 635%ATH Table 1).
?‘éxé TNF- o & Aol A 122.7+1295 pg/mL, thaatol 4]
345+11.3 pg/mL (P<0.05, Fig. 1B), IL-6% kxba2oll A 2304
+151.1 pg/mL, WZEelA 23.7+40.7 pg/mL (P<0.001, Fig.

Values are expressed as mean=®SD

Abbreviations : T, triiodothyronine; TSH, thyroid stimulating
hormone; NS, not significant; T, thyroxine; CRP, C-reactive
protein; TNF- @, tumor necrosis factor- @; IL-6, interleukin—
6; NT-proBNP, N-terminal fragment of pro-brain natriuretic
peptide

10)2 74 7hA71 Y Satol A kol vle) 2844 o =
k. NT-proBNPE 54 7M7Y @xlatell A o E=3dvh
(2,099.4£3,107.9 vs 227.81+346.4 pg/mL, P<0.001).
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@, IL-6 9 NT-proBNPE =4 H|usth 83 Ty 18
ALsta F447190 84.3+33.0 ng/dLoIA oFFA7]el 1093+
375 ng/dLE Z7FsF3tHP<0.01, Fig. 2A). TSHS} free T,
w471eF obFAd7] el frelek zbel7t flith(Table 2).

FH TNF- e 5487 W S7tstthrt ok 7ol hAashd i
(145.4+146.9 vs 32.0%30.1 pg/mL, P<0.001) (Fig. 2B), IL-6
T 1%E AQdtie TNF-e 9t 22 &S BAThR37.0+
1471 vs 22.2767.1 pg/mL, P<0.001) (Fig. 2C). CRP9} NT-
proBNP 9A] 722 43S R

Table 3. Laboratory Findings in Low and Normal T3 Kawa-
saki Disease

Low T Normal T3
(<100 ng/dL) (=100 ng/dL) P value
n=33 n=19
BUN (mg/dL) 10.1£5.2 77121 NS
Cr (mg/dL) 05%0.2 0.4%+0.1 NS
AST (IU/L) 86.51+108.9 91.6%+160.9 NS

ALT (IU/L) 119.6=136.9 52.580.9 NS
CRP (mg/dL) 10.8£6.8 59%5.0 <0.01
TNF-a (pg/mL) 75.3169.8 197721666  <0.01
IL-6 (pg/mL) 232.0£154.0  227.8%£153.1 NS
NT-proBNP (pg/mL) 2,890.4%3,692.7 767.1£600.6  <0.05

Values are expressed as mean=® SD

Abbreviations: BUN, blood urea nitrogen; NS, not significant;
Cr, creatinine; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; CRP, C-reactive protein, TNF-«@, tumor
necrosis factor-a; IL-6, interleukin-6; NT-proBNP, N-ter-
minal fragment of pro—brain natriuretic peptide
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3. 24 JIY EXZHM M Tzt & Ts29l Hlu

73 7 B S A Tyw(n=33)3 A% Tsw(n=19)2

2 o] F o 7] BUN, Cr, AST, ALT, CRP, TNF-«, IL-6
2 NT-proBNP &% %}o]& #4391tk BUN, Cr, AST, ALT+

T gbell Zolrt ¢l CRPE A TywolAd o E=Shthp<
001). TNF-e £ A Tyoold ¥ @ta(753+69.8 vs 197.7+
166.6 pg/mL, P<0.01), IL-6%= A TyarellA] okt &gkoy) A4
frolshAl ekkth(232.0+154.0 vs 227.8+153.1 pg/mL, P>
0.05). NT-proBNPE A TswolA A4 Tswtel Hls] =3kt
(2,890.4+3,692.7 vs 767.1%600.6 pg/mL, P<0.05) (Table 3).

4. 24 JIAANNY SXZ0M TaF TNF-a, IL-6,
CRP % NT-proBNP2| AZHEHH|

7oA BAba el J971el 4% Ts® TNF-a 9 4ol
ABBA(r=052, P<0.01)E RYI(Fig. 3A), IL-62h= whu]#)
= A8 (r=-0.12, P>0. 05)Q HAH(Fig. 3B). Ts& %3 CRP
¢} NT-proBNPéh= #9 3 &9 4##A(CRP, r=-0.60; NT-
proBNP, r=-0.54, P<0.001)% HAH(Fig. 3C, 3D).

5. 71AtIIE EXHZ0IM 3 IL-62t CRP| MZtztH|

ALY BAbel A B2 % okit7) w2
CRPE %) 888 e

3 IL-69}
th(n=59, r=0.58, P<0.001) (Fig. 4).
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Fig. 3. Correlation between serum T3 and (A) TNF-«, (B) IL-6, (C) CRP, and
(D) NT-proBNP in patients with acute Kawasaki disease.
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Fig. 4. Correlation between serum IL-6 levels and CRP during
the acute (open circles) and subacute phase (closed circles) of
Kawasaki disease.

Table 4. Laboratory Findings in Immunoglobulin-Responsive
and -Resistant Kawasaki Disease

IVIG-responsive IVIG-resistant P

n=45 n=7 value

T3 (ng/dL) 93.8+335 416+198  <0.001
CRP (mg/dL) 80%6.0 15.7£6.5 <0.01
TNF-«a (pg/mL) 136.5%£137.2 50.8£23.1 NS
IL-6 (pg/mL) 222.8+156.7 269.81124.4 NS

NT-proBNP (pg/mL) 14344+1,6888 7,086.7%6137.3 <001

Values are expressed as mean=® SD

Abbreviations : IVIG, intravenous immunoglobulin; T, triiodo-
thyronine; CRP, C-reactive protein, TNF- @, tumor necrosis
factor— @; NS, not significant; IL-6, interleukin—6; NT-proBNP,
N-terminal fragment of pro-brain natriuretic peptide
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522 3PN
o2 WYIEEY 23] X5 (n=4), 9=
o] ~E|Ro|= F7} X85 (n=2) E& infliximab X&
SAHAT o] F L& v E o Ty vETRT %
Al B wreki1(93.8+335 vs 41.6119.8 ng/dL, P<0.001), TNF-
1 :\L"Oﬂ*ﬂ E{ u—olob} iﬁ];ﬂoi _ﬁ_g]g}x]_‘: o}oh;}
(136.5+137.2 vs 50.8123.1 pg/mL, P>0.05). IL-6%= A&l
Ay ES AEE Ba(22281156.7 vs 269.81124.4 pg/mL,
P>0.05), CRP9} NT-proBNPE A&wrollA o =4 FAH=HA
HCRP, 8.0%6.0 vs 15.7£6.5 mg/dL; NT-proBNP, 1,434.4=+
1,688.8 vs 7,086.7+6,137.3 pg/mL, P<0.01) (Table 4).

I:

8. LHEHQI ZH M AlZH Hatof| 2 Ts, TNF-a
IL-6 2 NT-proBNPY sk H3}

Al B 7t ool A A Ty 4 2 250 ng/dL
2 - vigton} 99l 5Uel 38.3 ng/dL, 99l 87.0 ng/dLE
A2k S7rse7 949 12¢elE 1965 ng/dLE A/dEE ok
WA CRPE 77 275, 4.3, 0.8, 0.02 mg/dLE Tiob= wha &
PARZ AAstEAT TNF-o 94 3288, 644, 10.1 pg/mL=
X*i} 7‘*6}0% IL-6%= 99 9 4648 pg/mL=E 7152
99l 59 27.6 pg/mL, 4 9Uol= Ha A Wk m
A (Fig. 5). NT-proBNPE 49 Lol 4594 pg/mL, ¢4

9l 513 pg/mLelATh
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syndrome-patient with Kawasaki disease. Abbreviation : HD, hospital day.
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