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Abstract

AIM: To explore the role of IRAK-M in the
development of endotoxin tolerance by silencing
the gene of interleukin-1 receptor associated
kinase-M (IRAK-M) in RAW264.7 cells by the
specific short hairpin RNA (shRNA).

METHODS: The recombinant plasmids ex-
pressing effective shRNA (pshIRAK-M-A) or
invalidated shRNA (pshIRAK-M-B) target-
ing IRAK-M gene were constructed and were

transfected into RAW264.7 cells. Cells were
stimulated by 100 pg/L LPS with or without
10 pg/L LPS pretreatment. At 3 h after LPS
stimulation, the TNF-q level in culture medium
was measured using ELISA, the expression of
TNF-o mRNA was detected using RT-PCR, the
expression of IRAK-M protein was detected by
Western blotting and the activation of NF-xB
was detected by electrophoretic mobility shift
assay (EMSA).

RESULTS: The gene expression of IRAK-M in
RAW264.7 cells was reduced about 83% by pshl-
RAK-M-A transfection. pshIRAK-M-B transfec-
tion hardly inhibited IRAK-M gene expression.
At 3 h after 100 pg/L LPS stimulation, the TNF-o
level in culture medium, the TNF-oo mRNA
expression and the NF-«xB activity in cells had
no significant difference between two kinds of
transfected cells without LPS pretreatment. Two
kinds of transfected cells both showed obviously
attenuated response to 100 pg/L LPS stimula-
tion after LPS pretreatment (P < 0.05), but this
response was more intense in cells transfected
by pshIRAK-M-A than in cells transfected by
pshIRAK-M-B (P < 0.05).

CONCLUSION: The inhibition of IRAK-M gene
expression results in the attenuation of endo-
toxin tolerance in RAW?264.7 cells, and IRAK-M
plays an important role in the development of
endotoxin tolerance.

Key Words: RAW264.7 cells; Endotoxin tolerance;
Interleukin-1 receptor associated kinase-M; Electro-
phoretic mobility shift assay
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Fik: ## A KIRAK-MAZ X XRNA(ShRNA)
9 [ F 28 T A2 (pshIRAK-M-A)Fe M F 48
Ji#:(pshIRAK-M-B), %% FRAW264.7(:) &%
MEwmin R )min; &M mIezE10 pg/Lig
% ¥(LPS)TAK 224 h)a (R A 4)A 100 pg/L
LPSHI¥; 3 his, BBk o J5 R W i (ELISA )
M3 Ik P TNF-ak-F, 1837 RGBSR
J2(RT-PCR)#:i] 4w L #F 69 TNF-oo mRNA & %
KT, & & PP AT ik (Western blotting)#a ] 2m fie,
PIRAK-MZ & 09 KA, BAR W i 45 R oAk
(EMSA)#&m 2a iz, P NF-x B &9 7 1.

%8 pshIRAK-M-AXTRAK-M% & & & 47
) & A83% 4 &, pshIRAK-M-BATRAK-M
Fa kAT RIRAER; WAL
FER100 pg/L LPSH4E4#UE, H3Eihim b
TNF-o/K-F. @ ATNF-oo mRNA & ik &
NF-«kB#EM LT Z M 2 7, WAriE 2 49 o st
LPSH A R A3 0 2 55 T 41 R B % 2n g,
(P<0.05), 12pshIRAK-M-A #% % 20 2 i, 3 LPS
89 B R A 2 3% TpshIRAK-M-B#: 328
&1 ffL(P<0.05).

Zit: IRAK-ME X 2S5 mie N F &t
MR35, IRAK-MAE R FZZ %W s PREs
AR

KE#IE: RAW264.7400; NEEWZ;, ANE-1%
PACHR 5% BB - M B B I RS ER AT i

FIBR, WRoci, IR, BB, NES, ZEY, IRAK-MIZR
FRNAWRAW264. 7N SRMZIEEVNEIER. tHFREA
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W B 2GR 40 e BE I 2 BE(lipopolysa-
ccharide, LPS)HS), BEMUE HA% - E0k 41 M &
4 (mononuclear phagocytic system, MPS), 5/;iC
TNF-o 55 KB RIS ORI, 3804 5 i B 4
S ERRE B R B, A KT
PG R T — R NIRRT ALEI, RO A 55 3R
%Z2(endotoxin tolerance). JITiH W 8 =il 52 & -
HUR B AZ- ELE AN U 52 LP SRS, *TLPS
(1 I A S R, R IS R
W2 AE, IR LA R . kAR
IS A 3R AR G -M (interleukin- 1
receptor associated kinase-M, RAK-M)r[ fiEZ 5
W BRI 52 IR I, RIS T — RSk, AT
I 1 R RIS IRAK-M A K RN A(short hairpin
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RNA, shRNA)W L kL, JiHJRAW264.74
JiL, W55 0 i P 2 5 T 52 P AR, AT ) B
IRAK-MTT. N 5 251 52 T2 e 4 .

1 R
1.1 ## RAW264. 741 E#EI B 1 E R} Bt L
40 A= U E 9 BT, TMLLO9 T Bk b 26 A8 3R A4 It
KipGenesil-1Hi 5 PR B BER 7 0 BIF7E T i Bk
[l -1 B, HE 2B (E.coli. O111:B4) H 3 [H
Sigma’y wl; DMEM: I 5L K RE IR A 1ML 1
H2EEHycloneA d]; SITIIRAK-MZ T HIAA
Ji& 1 25 5| AnaSpec /A 7; /N TNF-a. ELISAIR
&5 K& Western blothr il ) &0 17 w4l
EHARAG R A R 2R & WizardR
PureFection Plasmid DNA Purification System/
156 EPromega /s ], 4L Lipofectamine
200024 % [Einvitrogen/ & 77 fih; T4 DNAEE
i BREIVEANYIEEBamA 1 « Hindlll. Xal 1 X
RT-PCRIX 7 &5 A TaKaRaZs &) 7 i, NF-x BXUSE
SRR RSt R AR T4 1 B R JERNA
JIT 5 SEARZ AT TR T 5 5 Sy e b3 i 22 A= 9
RHE A PR A ] 58 BR.
12 7k
1.2.1 Ea Ak HAR ML (shRNAKI B K
H % FRELGenBank /N FRIRAK-MZ[FIcDNA
JF%1(AJ440757), Z£:Dharmacon’ 7] siRNA Bt
BAFBO HRNAE) P41, JF@ I BLASTE &R
RS RIS ApGenesil-1IIEEUIA &1, &
JRAEFHTR AK-MZi it [X 285-303 bpIDNA F B
FHYEREB(A)IE 5K 5'-TCA ACG AGC TAT
CCA CTT A-3', R XN 5-TAA GTG GAT
AGC TCG TTG A-3"; PITEF4)(B)IE LA
5-TCA ACG AGC TAT CCA CTA T-3', Ui
H: 5-ATA GTG GAT AGC TCG TTG A-3'; %
IR E5 K A9 HIR AK-MAS B AN 1) e [ U5 B ik
(TTCAAGACGQG), K21k ATTTTTT, 4£4
WDNA R BeA G Wit BamHA 1 FHind TIHEFY)
P75, A IRAK-MIDNA A BN R
+Sense+Loop+Antisense+2% |15 5+ Hind 11| ¥
A BCIDN A J B S oAty 49 A [ B O) A7 5 1) BB
FRH 53 s T KR K, #BEH100 umol/L,
X EAMBES I pL, IR K, 95°C i
5 minjg, WEIRER, 2 JEBONEEDNA T L.
)ik 4 : pGenesil-1LABamH 1 FlHind TIIX{
BEED), 28 B P b 28 g P i S Pl 1) 56 4 I [RDiE
FiT4 DNAZEBHR XEEDN A B 5 [ £k

AR A 0
BRGHR AN,
G E 1R L
#E-M(IRAK-M)
*F g % 44T 5 il
SEHF MR Y AR
A, THALNE
F itz 09 T AL
#l.

Wi £ E

IRAK-M % & /2
3 - B il F
Fak, R A Lk
HEIRAK-MT
AL A FE et
2T R, A2ALHE R
13 th R F) 64 25 3%



446 ISSN 1009-3079 CN 14-1260/R WRIENEZYE 2009283188 1745 5555
ﬂ;ﬁgéﬂ ., PEALIRAAHEATIE R, W R RIAHIE. Q)E4 A ___
IRAK. M4 % & AOKBRARIHY I %5 F5 AL TR 5 1LIM109
RNA# & R sz KA, b o B ZWLBESE B 1 2 3

AL B R %
RAW264.7 % i
#IRAK-M A B
FOK, BRANBFRT
IRAK-M5 A #
F L E QXY

% AEE

A BE R OAE S
IRAK-M 2+ 1 #
F %W RA
T2, ANF
F o gE 69 16 R 8
FRAET HEw
F e k.

SRR, BRECR R VR RON R I8 R 2 LB Ak s
FrAErh R 14, FPromegals vl FORL B2 1A
#WizardR PureFection Plasmid DNA Purification
System$EH T4 ik ; T okl BamH T
Hind T e Xal T BiFD) %€ 5 16 H FH I ve b, 2200
Frilt— DA S YL R IR AR T

1.2.2 sk e B3 o 40 ()40 s 4. ¥
RAW264. 741 o LA 10%/L 1 35 i e b 42244115 5%
B 48 him, 4Rk A 1£80%-90%, AN Pt
P 2 IDMEMS5 FR 355 7 71 4% i BH 1593 1)
4 TpshIRAK-M-AFIpshIRAK-M-B#£4¢; 24 h
Jii, TR WANEE NS W N A KBS
W A(EGFP)RIE, YRR 5% iifi, 54
ST (2) LI Ay A S A B A e gy A
FIALFE: 43 5] ] pshIRAK-M-A FlpshIRAK-M-B
He R AW264. 7411, #4548 h)o/H1.25 g/Lik
fiigF10.1 mol/L EDTAVH A4 M, 144 vk &
N10%L, HEfh Z 245U 570, AFFL1 mL, #M
i H 12 h, IRAK-MA I RIEF N : L5055 0
pshIRAK-M-A¥; 44, pshIRAK-M-B# 44 &
JEFE g, A AMMEIEL10 pg/L LPSTiALHE24
hjig, FFH100 pg/L LPSHII3 h. HAbFebrko:
PO G A0 45 B 0 ARTR 32 R 32 45 AF
i 52 21 40 . 15 B0 9524 b, 100 pg/L LPSHI
P43 hy i A2 440 M SE 4610 pg/L LPSTilAbFE24 h
J&, #1100 ug/L LPSHIF43 h.

1.2.3 FgArteml: (D)F IR P TNF-a % f&: &4
53 I AEAH B I ) W SR 1 7R EE M, T-70°COR
17 % R DO LA AR W R R 2 = 1
/N TNF-o ELISAIRGIEAR I, HART LS
WA E V. Q)40 P TNF-oa i mRNAZKIA:
KA ZEELife Technologies’ 7] K TRIzoli 5
EHRIKupfferdl il MRNA; JiTaKaRaZs &
L T B 53 TR 5 W S N (RT-P CR) IR A1) & Ao
W20 frh I mRNARIS; PCRY Y Filg b
AR A IR A R B A . TNF-a5 190 F
Wi5'-TCT ACT GAA CTT CGG GGT GA-3',
##5'-AGT AGA CCT GCC CGG ACT C-3', §-
By K N 542 bp; WE M B-acting|#): I
##5'-CAT TGT GAT GGA CTC CGG AG-3', T
Wi5'-ATA GTG ATG ACC TGG CCG TC-3', ¥~
B KN 300 bp. PCREAEJy: 94°C 45
s, 55°C 1 min, 72°C 1 min, 30MEH, 72°C 4

[ pshIRAK-M—ARHH
B 1.2 g pehIRAR-M-BEEH
L Bt

1 RAW264.7/BIBPHIIRAK-MEBERIA. A: Western
blotf:ill; 1: pshIRAK-M—AFGHL; 2: pshIRAK-M-B#;
el 30 AERRYVAL B PR TE R e = 3); 'P<0.05 vs
pshIRAK—M-BFEHAH; P<0.05 vs FEEHLA.

5 min. W7 L15 o/ LI BE BRI HL K
J&, XM Gel Doc 2000482 5 5 48 itg 34T
iR, A R DA RO (RA) X HIFH
(mm?)F R, mRNAMX & & = (H R4
RA X mm®) /(B-actinZc i RA X mm”’). (3) EMSA
R0 20 i PN F-e BIGPE: $EECAN AR E 1 H
[y-32P]AT PHxic N F- BRUSE 5 it S804 1 IR R &
(P1: 5'-“AGT TGA GGG GAC TTT CCC AGG
C-3'; P2: 5-GCC TGG GAA AGT CCC CTC
AAC T-3', BT ARR); bridEr S5 E N
AT A N 856 RN T 4T70 g/ LAEMR &
SR TR s T e e Je P VK 5 e I 28 T S B B
MG, T-70°CHUH E B5248 h; KM Gel Doc
20005 12 B 3 48 UG AT 45 5K 50 BT, NF-xB
35 ME DUM IR 6 BE A (RA) X T AR (mm*) & 7R .
(4)Western bloth il 4t i HIR AK-M K [ K IA:
P 5T d 10 E B KR 142100 g/L SDS-
I TR I TR e 858 02 VR Uk B AT 43 5 I PR 2 B A A
R 47 4 22 (NC) I KN CIFE ] 450 g/L i iR 4
M HIPBS-Tweenyi =R E M1 h; ¥EH A, 5*
PURAK-MZ wi A IAE3TCRIE2 hy U
B, 5 R A B AR T SR PR T g GAE
37CHEE 1 hy Peifk)a, NCHREFH 2 3 IR %
0. HGel Doc 200051 %1% R GE k1T 45 3
AT, S E o DU O6 B (RA) X T
(mm®) F8.

it 5K Dimean+ SDR R, 41
[F] L3R SPSS10.09k A1 16 AT J7 2243 #r, P<0.05
FOREE A REE.

2 #BR
2.1 TAFAEIMNTIRAK-ME & & ik ¢ 4y 5 V5 A
Western blot A H & &40 7 W7k, pshIRAK-
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[ pshIRAK-M-BEfif 5240

~ 2500 [ pshIRAK-M—ATFilif =240
= B pshIRAK-M-Afif 24
<2000 T B pshIRAK—M—BJ#Z4H
}i- ace

N

3 1500

z

£ 1000

o

=~ 500

s

5o

2 LPSRIBI3 hEIBFRIPEVTNF-a/KE(n = 6). *P<0.05
vs pshIRAK—M-BAE#Z41; “P<0.05 vs pshIRAK—M—ATFit
Z4H; P<0.05 vs pshIRAK—M-Bi{ =40,

B [ pshIRAK-M-BEfi<Z 20
[ pshIRAK-M-AFifi 5220
I pshIRAK-M-AJi 241
W pshIRAK-M-Bifit=Z 41

A

250 p-actin
500 TNF-a.

ace

= N
o
o

TNF-a mRNAZEKF:
(93]
o

(TNF—o/B—actin mRNA) (%)
—
o
o

o

M1234

3 ZLAMEBCPTNF-o mMRNABYZRIK. A: RT—PCREGIEE
B 10 pshIRAK—M—-BIEfS22H; 2: pshIRAK—-M—ATEfit %
2H; 3: pshIRAK—M—ATH3Z2H; 4: pshIRAK—-M-Bfif*22H; B:
TNF-a mRNAFS S E @ = 3); 'P<0.05 vs pshIRAK-M-B
AEMtSZ4H; P<0.05 vs pshIRAK-M-ATEMSZ4H; P<0.05 vs
pshIRAK—M—BJit 4.

M-AXTTR AK-M# 1 IA B4 ] 26 4 83% 2 41,
iMpshIRAK-M-BIX TR AK-M & [ 3 IA TG 2
FHIE R, Y TR 0 35 1 22 5 (P<0.05, &]1).
2.2 3FFR P TNF-a42 WALAER 52 40 i e
LPSHIM3 b, HIGFRM T I TNF-o/K P06 3%
P22 7(P>0.05). WAL 52 41 e /ELPSHI¥43 h)s,
HEE TP I TNF-o/K 1S4 W) WAIC T R 52 41
4 i (P<0.05); Hh, pshIRAK-M-BZH () TNF-a. 7K
S B A TpshIRAK-M-A 41 (P<0.05, [&2) .
2.3 Zn e, ¥ 49 TNF-o mRNA & % pshIRAK-M-A R
pshIRAK-M-BW 21 ki 52 4 e fELPSHI3 his,
AN M2 - TNF-oo mRN AR K AL (P>0.05).
PR LT 52 2 A L P SREOR ] 8F ] ), 40 i 1
TNF-o. mRNAZ LK 5355 A HCARTR 52 40 i (1)
72%F146%(P<0.05), pshIRAK-M-BZH [ %1% /K-
B A T pshIRAK-M-AZH (P<0.05, [413).

2.4 i P WHNF-kBE X pshIRAK-M-AFI
pshIRAK-M-BW 41 ki 52 40 ffd /ELP SH#3 h
J&, 4 M N F-xe BY& 1 G 2 3 7 25 7:(P>0.05).
5 4L 52 40 B 7E L P SRR () I 0] 5, 4l A v
(RINF-x B 11 23 1) 2y FEAE TN 52 28 400 10 1) 63 % A1
37%(P<0.05), pshIRAK-M-B# [{INF-« Biif P it
K T pshIRAK-M-AZ(P<0.05, [K]4) .

www. wjgnet.com

0 pshIRAK-M-BEfiif 5248
[ pshIRAK—M—-ATEfit<Z 4
W pshIRAK-M—ATif <24
W pshIRAK—-M-BIif< 40

ace

ac

OCOO0OOHHH

NF—«BFEX R
oclhromom s

1 2 3

H

B 4 ZHEMDEDEINF-BFME. A: EMSAKINLEE; 1:
pshIRAK—-M-BIEfit24H; 2: pshIRAK-M-ATEMH24H; 3:
pshIRAK—M—AJi{522H; 4: pshIRAK-M-BJiif*24H; B: H
KGR E @ = 3); 'P<0.05 vs pshIRAK-M-BIFMZ4H,
‘P<0.05 vs pshIRAK-M—ATEM$Z4H; P<0.05 vs pshIRAK—
M-Bffit=Z4H.

3 111E

PR RGN E 4 e L ILPS Sy, th2EG Al
A o BB 0. o S R - B A
RE, LPSHETS 3 K& ZAEN PRI, 514 5
L RORE IO, AT i LA . AR, A=
WIAE I A T R R T T B AR T A2 3K T
TRYPLEL, Bed0HIHL A B4 6 L P SHl 0™ 4=
FReld B RORE N2, TR LR B A fR 3715
SRR R TPt IR NG Y R BN
MIZELP SHIVR AN B, XTLP S U 2%
S AR RV RN 20X B O R IR
ZAE, AH IR AL 2 AT R 5 A . il
AR, RAK-M A A - E W40 i rp 2%
1%, STLP SR 5l & vk 1 E R, TRE S N
BRI A2 T AT 8, B mEsT R, it
R T BT IR AK B4 204 41 il R IA TR AK-MJF,
RELE— R R AN G L P S 24 . A
I, IRAK-M5 85 2 52 [0 8 R frdk—20
g B, RNATHLRNADHLH] T 22 i 4l f
IDicerfit s AR TEdSRN A DI 521-23 ntff) /)
FHLHERNA(short interfering RNA, siRNA), Ji7 #
55 2 R I HEmRN A K A Sk i,
13 BELIT I 110356 AT 0y s 1130 ARHIF 97 R FH e s 3
HpGenesil-144 & T GEAENH FLAH 40 M b 77 A2
SR AK-M )% % JERN A(shRN A) F BH 1 55 41
JIURE(pshIRAK-M-A) J [ 55 41 Uk (pshIRAK -
M-B), F£75 31 BRIV P D i 16 R0 e E s, H
e A8 A/ BRORVE 1) B2 41 R R AW264.7
Y fid. pshIRAK-M-AXTRAW264.741 IR AK-M
JE DRI Rk (R 45 5 A 83% - A+, ThipshIR AK-
M-BXJRAW264.741 Jfl () TR AK-MZE PR 2k TG4
HIVERH. ZESEIEAN I, A5 H pshIRAK-M-AYT
BIRAW264. 740 il [ TR AK-MIE K, W % 20 it A
B 2 PE X, pshIRAK-M-B# 42 /5 K

| PG X4

W FF A FEAL
R AT - B
o B % ¥ A ok
RBE, *ThE % 4
o B R R % 2 AR
B
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AT RKEW
E AR AR, K
A& B E @R
SR ) A L)
At SO P
FH, EHik R
AW, FR
PR AT

BATHIT TR I, 28 Wb IOk G 1t A i 52
MPE32100 pg/L LPSHIE3 hiG, 41 NF-«Biif
b+ TNF-oo mRNAZK L LA A B TR T I TNF-a
AP35 P 2 e, R TR TR AK-M3E K]
FIE XL P SHT A5 5 14 20 i 5 5 )3 25 T W
B my, TR PR AT R85 40 i e ST LP SHIR Y. %
IITRAK-MZFEA KRR AT 6. RS Wik, RNAi
XTRAW264.740 i N 75 3 52 M (1) 52 Wi 15 1
L. ZipshIR AK-M-A% YL 11 52 41 i 52100
ng/L LPSHIF3 h)m, 41 NF-«BWitE. TNF-a
mRNAFRIA UL KB TR I TNF-o /K1 B 5 5
TpshIRAK-M-B#E L4, RIFHIHIIR AK-MAE
DRI 2 028 W] 98 55 4 i 1) P 2 2R T 52 1, DA T S
IR AK-MXJ N #5251 52 T GRS B 2E . (AR
BE, ZpshIRAK-M-ARS YL 52 40 fu % LPS
(PN B AR T AR 52 40, R BARN A&
SEATHBRLPS S SN # R Z G. Xk, &
112 FE AT LA R AN R AL (DRNAHE R figse 44
HITRAK-MAER £ IE; (2)BRIRAK-MZ 4, K
BRMZEHFLENHZE. B2, ZAITAA
IRAK-M7E A 55 2 i 52 (B P ie FEEAE A, 3
HARAE LIS RN ST,
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