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[Abstract] Objective To investigate the role of transduce molecules and modulatory factors of signal
pathways of Toll-like receptors (TLRs) in aberrant inflammatory response in children with sepsis. Methods
Peripheral blood mononuclear cell (PBMC) and serum were obtained from 10 children with sepsis,
13 children with severe sepsis and 17 age-matched healthy children as controls. Real-time polymerase chain
reaction (real-time PCR) were used to evaluate the mRNA expression levels of TLR2, TLR4, myeloid
differentiation primary response gene 88 (MyD88), interleukin-1 receptor-associated kinase 4 (IRAK-4),
tumor necrosis factor receptor-associated factor 6 (TRAF6), TAK1-binding protein 2 (TAB2) transforming
growth factor-B-activating kinase 1 (TAK1), interleukin-1 receptor-associated kinase 3 (IRAK-M), zinc
finger protein inhibiting nuclear factor-«B (Triad3A), protein associated with Tlr4 (PRAT4B) and
signal-transducing adaptor protein-2 (STAP2), and the levels of mRNA expression and production of
pro-inflammatory cytokines (tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18) and IL-6) were
measured by real-time PCR and enzyme-linked immunosorbnent assay (ELISA). Results Compared with
the healthy control group, the levels of gene expression and protein of pro-inflimmatory cytokines (TNF-a,
IL-1B and IL-6), the levels of gene expression of signal pathway molecules of TLRs (TLR2, TLR4, MyD88,
TRAF6, IRAK4, TAK1 and TAB2) and the levels of gene expression of positive modulators of TLRs
pathways (PRAT4B and STAP2) were significantly increased in sepsis group and severe sepsis group
(all P<0.01), and the levels in severe sepsis group were even higher than those in sepsis group (all P<<
0.01). The mRNA expression levels of negative modulators of TLRs pathways (IRAK-M and Triad3A)
were significantly elevated in sepsis group compared with those in healthy control group (all P<C0.01), but
the mRNA expression levels of the negative modulators in severe sepsis group were significantly lowered
compared with those in sepsis group (all P<{0.01). Conclusion Aberrant expression of signal pathway
molecules and the modulators in TLRs signaling might play an important role on production and development

\

of abnormal inflammatory response in children with sepsis.
[Key words] sepsis; Toll-like receptor signal pathway; transduce molecule; regulatory factor;
systemic inflammatory response; child

% B 0. 518026 o E B ALK B R HIILEEBE PICU
BN H R, (£ E I ,Email  lichengrong@sina. com
EERBM BILEAQITL -, B QUK . BILE A, E¥H 1, £ 4 EIF,Email ; replicater@163. com,



* 562 -

R ERANEE 20084 9 A% 2085 948 Chin Crit Care Med, September 2008, Vol. 20,No. §

DIMcHEE KEERK R REREIERBES
fiE (MODS) ¥ & F VL% =, BT R AE 4F A F R Bk L
PEEEHMC, B R Toll B34k (TLRs) AR
RS E YN R RE R A BT HE
SR GRZMEREZEF-«B(NF-«B), ERA £
ERME FEERE H S5V H W RIERD;
 IEMKEREBRE DS TLR2 1 TLR4 BEF RS, %9
TLRs [ SR BREBLEALKEET X, &
KFHIT TLRs FERBHEIHTFRATEFRZR
EHiRESAREFREINXR . #—-FTHREEH
B 4 5 IR R AR HLE .
1 BES5AE
1.1 BFRNE .5 2006 4£ 3 H—2007 £ 1 A&
B% Wi 34 B Jk 35 4 28 L 10 B L R e 4 £k 58 & MODS
BIL 13 FIABRNE, B 14 B, & 9 Bl E8 4 A
A~15%,F#3.04£0.9)% . BLWIRESTHES
£ LR 4 S AR E 2005 S EE B OLRHR
I BT Ir T RO R TR
EREESIMBEAMERTEA(BFERKSE
AR A MODS) ., LR L E R B 17 Bl R )
R LELE X, B 10 8],% 7 #:E8 6 A~
12 %, FH¥(3.5+0.6) %,
1.2 iR ROy
1.2.1  ANE LB A M (PBMC) B RNA (#2H.
B8 LA B BP il BB F S5 8 A1 R 8 Bk i, P O 2 4
M4y B (B R = 4 =) 43 B PBMC,RNA i
7] (£ B Gentra 22 &) £ B PBMC 8§ RNA, B F
T -80 CH£H, BAERESBEANEREEBHT,
1.2.2 #EF4 K cDNA  #HRAM A& (EE MBI 2
8. %5 :K1632)ifH, 2% % & B cDNA B 1 pl
\ cDNA H#its , B & B4t R B (PCR) Y3 30~40 4
&3 ,PCR 3195 B4Ti% T, B L ERAEY K
REBRABEGEH 10l P HFEYERE SR
2% M B g ME E BE o A 90 V EBL I 30 min, [ Wt 4B

25 1.6

.l EBEREYBARERAAHTHT . ERS
Genebank  HAEH mRNA FHj5EL—%.
1.2.3 FEEE Wk (ELISA) & 3 iy 3 b 8 &
E 40 B F K - 43 85 A6 P i i 3 K 0 P 9 3F E
F-a(TNF-o) . H KA E-18(L-1B) LI R B KL A
% -6(IL-6) K& /K ¥, Al Anthon BB IR LA,
# ELISA 7 & ORI A D3 55 REBHE,
1.2.4 L% EE PCR (real-time PCR) % ]
M REMMEFKE R TLRs BE# 54 FMET
H F 8 mRNA Fik: | SYBGreen 7 & (8 B
QIAGenZA ) &% K LightCycler # % % & B PCR
i # W, W A Relative Quantification Software
Ver 1. O ## 47 43 47, S5 S ARl 2 5 (TLR2/4)
5B NshEA Bactin) WHERT, AAEESE
RA &R BHT,

1.3 SEit%¥547 . SPSS 10. 0 447 4047
BHERUBKRLRELZ GEIRR, BT EFHE
BRE,SFHREERM  RE,.P<0.05 HERH
G L.

2 & B

2.1 MEEWMRERAMETFRIELED:U
real-time PCR # ELISA £l , &5 R &7, S#EX
BAH b A, e AR BT R AE 41 IR F TNF-o, IL-18,
IL-6 #) mRNA MEHREHHE MK, B EHR®
BREABEMBEAARENRRE, ERHIERITE
B (P ¥<0.01),

%1 ELISA &8 5 41 i 3% bk % 5 50 & £

HHUEAETFEEAKF (L) pg/L

45 K TNF-a IL-18 IL-6
B EA 17 1122143891 460.7+ 149.9  336.3+136.7
;%2531 10 1684.74433.5% 2224.94 465.7° 1 442. 4+ 654.6°

FEEEESA 13 3326.14930.5° 3200.74+1 005, 5> 2 893. 14795, 1%

. SR x BB 88,0 P<<0. 01 ; 5 Bk # 5 4 o 3%, PP <<0. 01

w
>

T
<Z::2°' a <12
z
E1s T = .o
0.
:10 = :
£ 3 0.6}
S 0.4}
0.2}
" TREAR  BEE  FawmeE LT
Al

BN )
251
N |
z 20 a
&
1 ol T
J. 3 T
= 10
Sl L
WEE P ki O REE  REE | F AW &E
451 By

. 5 B4 A, P<<0. 01 5 Bk # £ 41 Lh &% , PP <C0. 01
M1 Real-time PCR ¥ 3 45 41 I 3 M % 5 i % = 45 U F mRNA RX% R



HEAERANESE 200849 HHE 20 5% 94  Chin Crit Care Med, September 2008, Vol. 20,No. §

* 563 ¢

1.4¢

1.4

lf b b r b
L.4f 1.2} 1.2} T
L < a
< 1.2 a S 1o} Z 1.0}
2 1ol T z" . g 1
E SO .
2 T ; T B L
by x 0.6} 0.6}
oot [ | = 1 sl
=~ 0_% F‘O.A( = 0.4¢
0.2t 0.2r 0.2L
0 0
i e 3f 1B B B9 Fodgk A dE 0 it 0 3} R .30 o B A AE % g xt B M #E P e apAE
4 3 a9 g
20 8¢ b 3.0 140
L b
<16 2.5
Z a ju ;6 a ; j—
~ I mlﬁ-
gl2f £ €
ﬁ <4 1.5
< < 10
—~ 4L ,‘sz =
0.5

=]

o
et ® Mol E KGR X RBE ML SE
B “Hyl

T T

AT WEE P EREE
A5 Eig)

I 5 AL 8, P<<0. 0, SR B AE AL ik, P<<0. 01
B2 Real-time PCR &% % 41 1 X Hc#fE TLRs (55 B RH 34T mRNA REHR

35 b 30
30t

. T .

%zs 520_ a
20t €

Q ~ 15

=15 “

< 10

EIO :

st

0
REHE REE EREE BEEE REW FAKGE
45 5

o w

2.2 MR TLRs (5 RBRHIFATFREA 2):
Fi real-time PCR % B HEAESREE R
F TLR2.TLR4. 854 40 Ml 73 fk & 5 -88 (MyD88)
TNF # % E F 6 (TRAF6).IL-1 Z A H XK 4
(IRAK4) . ¥ fb 4 & B F-B i L ¥ 88 1(TAKD &
TAK1 £4 %8 2(TAB2)mRNA ik & xt B
AHBAE FERSEARMEEARIER £
RBBEGITEE P 5<0.0D).,

2.3 MEME TLRs FERZAVEFREME D:
real-time PCR #3l , Bt #5241 PBMC TLRs 5 8%
SRR EMAEYETF TLR4 HXE B (PRAT4BHI
BERHRELEN 2(STAP) RAHATHEF IL-1
AL 3R 3 IRAK-M) & % 5% % B F-«B
HeEE A (Triad3A) B mRNA 22 HEE T/
Bt R, FERSEARKFEAEEATET
BERE AUHATHTFEERK, ERYERITE

b

Triad3A mRNA
< - [} w B W [

[ 3 Z53: N o0

CHEAR WER FOkER
) YT

o . 5 R B H A, P<<0. 01; SR ® e A o, PP <<0. 01
B3 Real-time PCR KM% 4 ¥ W& 5 TLRs {55272 % HF mRNA REAGR

P B AIE

B X (P $#<0.01),
31 #

B EIESL TLRs {5 5 & 2l M & NF-«B
B AEAREFREREZS . AHRTRYE . KE
f£ 8 JL TLR4 f1 TLR2 ¥ E L. #H— S WEH
TLRs MyD88 & #i ¥4 & %2 £ B # X0 T TRAFS,
IRAK4,TAK1.TAB? # mRNA Fk {8 8%,
AREREMEENERE EEKFEFLE TLRs
BEERBHREEL; AN NEPHREARE T
TNF-o.IL-1B.IL-6 ) mRNA F17& H K F k% 15 ™
EREH MM, XFHEES TLRs 5 BB
BNFEIH—H., #7 TLRs fSBREREHEL
E5THREEBIRERMORERRE.

FEMRERALHAGEFN TLRs [F5&R
EREMSE AR BREK, S 5% TLRs (F5&
BETR., FHEYHEF PRAT4B 5 TLRs K¥F



* 564 ¢

FEAEER2MES 20084 9 A 2088 9  Chin Crit Care Med,September 2008, Vol. 20,No. 9

A RE G RBA X, WH PRAT4B Fk7 &
BORAE/EWAR M) RE TLRs F &K 0D,
STAP2 [ 5§ MyD88 i 1K # 8 «/B(IKK-a/B) &5
& NF-«B MEH, BESMREARETER
FRM 3 E F IRAK-M 1 IRAK/MyD88
EE&BREESY, ML IRAKI/IRAK4 )\ MyDS88
% 5, M Wi [ Ik IRAK-1-TRAF6 & & ¥ &2,
Triad3A R — M E3 T EEEB 4k TLRA EH
P MM W.5 TLR4 MESH S, ERJLAEHR
AT EFIIAARFER T EE TLRs 5 HF&
B EHREAREFRENTLE , ERFREHHR
i GRE R

SEHEE TLRs F S HSEREBEREHI
HHAEE. RMNERET AEPrEREERILE
HRAVHEFRAERAYEFEASER, BREM
B, FH#H B HETF PRAT4B #1 STAP2 £ HEEH
B, W HEE T EF IRAK-M, Triad3A £H %
BMEE, B BEARN ™ EREEARY
HFREASHRENREFREKFHEAR B
PEHENTETFEE, AERYETE ATREH
BEFKERBR, "ERFEALERATHEHFER
ERTHREEM AHBATE FETREESA, KA
RIEMNEEFHER FHREEA  BRAKTERE
RZRNFTRES TLRs {5 5 & &2 E AR K5 E
Bk #5 A 36. TLRs #1365 v s 40 I8 4 Btk
fit X TLRs 59 RBMRAIN B T EERAHEAN
BFRE HTFREERE@BERNIFEREON
0, M AE S JL PRAT4AB S FHEH R F R
s B M R Y B TR R B E R FaRaA R
T m, EERERNE T RE LMK T R
AE,TLRs FERBHI A FREH L,
IL-1B% R REAMEATFREKFHBAR . RLF
BUA 2 A 40 M B8 F 5 BE Rk T L B R AE 4R
BEFRERN . HHCAHRIEL EEAAER
AF B3 3% 32 T BHL B T 4% AF 40 A IR T M Rk IR LA B
FHEEBREMNKRED, BAHERNOE, PR
FTREFREEEILEHANTEFAE ELEHR
HERAOEYHEFRE RN #E—SHETHHAYET
RRAMBRERFARERAERNNEER T, B
AREBFHIHARUENHBEEF ANTGH— 58
BB RAERBERMIE, HEENF LI
ITFBRRULH AR,
&k

[1] Bone RC,Grodzin CJ,Balk RA. Sepsis:a new hypothesis for

pathogenesis of the disease process[J]. Chest,1997,112(1),
235~243.

[2] Cavaillon JM,Adib-Conquy M,Cloéz-Tayarani I,et al. Inmun-
odepression in sepsis and SIRS assessed by ex vivo cytokine
production is not a generalized phenomenon: a review [Jl.
J Endotoxin Res,2001,7(2):85-93.

[3] Adib-Conquy M,Adrie C,Moine P,et al. NF-xB expression in
mononuclear cells of patient with sepsis resembles that
oberserved in lipopolysaccharide tolerance [J]. Am ] Respir
Crit Care Med,2000,162(5) :1877-1883.

(4] ZHEh B¥EapEM). 2 i JUR: Bt 2004, 272-276.

[5] ZFE&HEA, 0%, £5. Toll BZFHEHRAZLHE R
P EGER A HES,2003,15(11):694-697.

[6] ok, ®/he, kR4, % FENEBREAR AL Toll 2
E2/M4AEREZERRBHUFI]L FPERERANEE,
2003,15(11) ; 646-650.

{7] Armstrong L, Medford AR, Hunter KJ, et al. Differential
expression of Toll-like receptor (TLR)-2 and TLR-4 on
monocytes in human sepsis[J]. Clin Exp Immunol, 2004, 136
(2):312-319.

[8] ®#3w B8 LERREKLKERATDETEEFR
[J]. sk LR 7, 2006, 44(8) : 596-598.

[9] Takeda KT, Akira S. Toll-like receptors in innate immunity
[J]. Int Tmmunol,2005,17(1) :1-14.

[10] Konno K, Wakabayashi Y, Akashi-Takamura S, et al.
A molecule that is associated with Toll-like receptor 4 and
regulate its cell surface expression[]]. Biochem Biophys Res
Commun, 2006,339(4) :1076-1082.

[11] Sekine Y, Yumioka T, Yamamoto T, et al. Modulation of
TLR4 signaling by a novel adaptor protein signal-transducing
adaptor protein-2 in macrophage [J]. J Immunol, 2006, 176
(1):380-389.

[12] Kobayashi K, Hernandez LD, Galan JE, et al. IRAK-M is a
negative regulator of Tool-like receptor signaling [J]. Cell,
2002,110(2) ;:191-202.

[13] Chung TH, Ulevitch RJ. Triad3A, an E3 ubiquitin-protein
ligase regulating Toll-like receptors[J]. Nat Immunol,2004,5
(5):495-502.

(14] tZF, RE&E, WK, %. K#Ext SIRS 71 MODS & ¥
FRAF« RANKHEAI]L PEFEELESANEE,
2000,7(1) ;43-45.

[15] 7%, WHE, 4% KRESHNEBRTIERBE AT
BHEAMERFERD] FEFPHES S RMHKE,2003,10

(1):12-15.
B E #2007 -12~30 455 H #2008 - 02 - 22)
(EXHE - FHF)

TERRK -
OFRYIBER BB coreerorsererecnsmmnnmnscaenscseene (#2)
QBB BIR BT ceeverorrorecneoreanes veees (BR)

OF:FS:C(4: 232

SHFINFEREAMBIF LT o oovoveveeeerer (EHD
@I FRRBEHA RGP cveerrrecressrvnernonarnencne (FHR)
O AT EE SR I I I € -5 B
@F BRI B2y M AHKETEGTI oeveeerrreecrevesoeeces (FHH)
@YBEY Tl RFL crereerrrreermsomrsoremnnceeeeens ()
O@FLREHE i-STAT MBAHTAL  omveeeees < (HEK)



