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Abstract

AIM: To investigate the impact of small hairpin
RNA (shRNA)-mediated silencing of the tu-
mor necrosis factor receptor-associated factor 6
(TRAF6) gene on the lipopolysaccharide (LPS)/
toll-like receptor (TLR) 4 signaling pathway in

www.wjgnet.com

vitro.

METHODS: ShRNA sequences targeting the
TRAF6 gene were designed, synthesized and
used to construct eukaryotic expression plas-
mids. After transfection of the recombinant
plasmids into RAW264.7 cells, cell proliferation
was measured by methyl thiazolyl tetrazolium
(MTT) assay. Inflammatory cellular models
were established by LPS stimulation. Levels of
tumor necrosis factor-o (TNF-a), interleukin-
1B (IL-1B) and transforming growth factor-p1
(TGF-p1) in the supernatants, mRNA expression
of TRAF6, interleukin-6 (IL-6) and cyclooxygen-
ase-2 (COX-2), protein expression of TRAF6, and
translocation of NF-kB were assayed by ELISA,
real-time quantitative PCR and Western blot, re-
spectively.

RESULTS: The mRNA and protein expression
of TRAF6 was lower in cells transfected with
TRAF6-shRNA1 or TRAF6-shRNA2 (79.17% and
68.74%, respectively) compared to other groups.
Therefore, cells transfected with pGCsi-TRAF6-
shRNAT1 or 2 were used for subsequent experi-
ments. TRAF6 knockdown significantly inhib-
ited the proliferation of RAW264.7 cells within
72 h after transfection, reduced the production
of pro-inflammatory cytokines and mediators
including TNF-a, IL-1B, IL-6 and COX-2, and in-
hibited NF-xB nuclear translocation. Moreover,
TRAF6 knockdown could suppress the release
of TGF-B1 at the protein level.

CONCLUSION: TRAF6 knockdown can, to some
extent, inhibit early inflammatory response
stimulated by LPS. TRAF6 may become a poten-
tial therapeutic target for many inflammation-
related diseases.

Key Words: Tumor necrosis factor receptor-asso-
ciated factor 6; RNA interference; Lipopolysaccha-
ride; Toll-like receptor 4; Nuclear factor-«B
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;;1 ] ag Lk T factor-6, TRAF6)fF HLPS/TLR4 | (5 5 2%
15 5 il ¥ % N . . N N

;5 }\&7;71 s+ B ARSPATSshRNA(short hairpin RNA)IC 1151, IS 2 4(E 5B B (TNF-o. 1L-1

2 F A A&,
TRAF62 & 2
LPS/TLR44% 5 1%
Fil A ey XAt
Yo S At —F

2 3 FITRAFG#) ik s R AW264.7 40 JoL3 34
4% f, 715 5 T TRAF6-shRNA*LPS/TLR4
AW AZ 5 5093w,

ik Mdyeeird) b ATRAF64shRNA#
A MR EBAR, HFERAW264.748 05 3 <48
h, F VALK E 100 ng/mL#LPSHIE, 0.
4, 8 h#nl6 hiskEmib Lk, A& Eg
St BB M B R AN AP AT BR 20, ELISAZE M 2
L& & PTNF-a. IL-18. TGF-B1, Real-time
PCR7 i # M TRAF6. IL-6. COX-2 mRNA,
Western blotA& ] £m it 4% I NF-kB p65.

ZEH: 2 TRAF6-shRNA 48 h/z, TRAF6
mMRNAZ & & kL B %5 474, ik F
A AT917%. 68.74%. MTTikAm 4 R %
T, LR FEEFT2 h R xT4m A 75 A 264
Fphl. LPSHI#JE, TNF-a. IL-1B. TGF-Bl&
iR FAA A 2 T ALP<0.01), £ FTNF-o. IL-
1B/E8 hik &%, TGF-B14£16 hik %%, TRAF6
AHRKE, A L@ RT3k FAHRE TR
(P<0.01). B4R T =, TRAF6I K LKA
248 FAIL-6. COX-2 mRNA & ik, Ff a6 47 H)
LPSi# & #9INF-kB# 4.

i THHETRAF6-shRNARE A 2% A%
RAW264.7¢a . X I TRAF6 mRNAR & &G
6 Gk, Fat A E R RS BT B 68 3
R

SRR PSR BE B 32 1R AE K B F-6; RNATHIE;
HRHIRE % ¥E; TollBEZ 1k 415 5 BB, % H F-«B

[REE, JNRERS, OAERA, AR, YTHBYB, T4kt TRAF6 shRNAYY
LPS/TLRASSESEBVAINIIER. HRIELABILZE
2011; 19(25): 2637-2643
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Ji 57 IR 8 BR324 AH OC Al - (tumour necrosis
factor-receptor-associated factors, TRAFs)Z ik
Bl sE R 2 DRE ML N T Bt 1, TRAFsE&
HAZR T — RIUE FAL T RIZ b, T 52 i 4
MO A WA M RIBET, 252404
SRR, R4 G Z B (lipopolysaccha-
ride, LPS)¥E 115 5 #% K FxB(nuclear factor-
kB, NF-xB)IEH A, SR FE R 7 Z R AH <

f-6(tumour necrosis factor-receptor-associated

FIRANKLIEB )", He & ¥00% % K FNF-« B,

AP-1. PKB/AktS, /55 JRA4AH G4 F X
(pathogen -associated molecular pattern, PAMP)5|
L 1) R AR AR AR I G 8 I JE S W 2, 4ok
FFCUE I, A% WA 0 L3 ot 43 Wi 3R 1k 22 ¢
REAH G IK 1, 75 SV 338 2RE R N AP R
TEHA. FEBE S T, RAW264.7 E MR iR 2
W RE R FIE R4 R A, T4
RO, I, AL Wit EA
JikipGCsi-TRAF6-shRNA, FJHRNATH(RNA
interference, RNA)F AR, PA/NERRAW264.75.4%
ELR A0 M 2 AT TN 5, SRS TRAF62R
R HIN T BT T 4 Bl P 7 3R RE SV R 5E ).

1 RT3

1.1 ## RAW264. 740 Ml i A o B4 K2 R oF
B 27 B B e 1 0 2 5 v o S 6 3 AR AR AT 2
M. B 40 JFRipGCsi-TRAF6-shRNA A< 5246 5
A AL BRI & H Omega A 7l i
- IMVE(FCS)E BB MU Z=H YA 7]; DMEM
R IR I H £ E Gibeo A Tl IR R A Trans
Fectin)) H 3% [EBio-Rad/A#]; TRIzol. MTT.
DMSO. LPSH A% EInvitrogen/A 7]; ik
ikj£r. SYBR Green realtime PCRIAFIEM H
ToYoBoA #; ELISARFI&(TNF-a. IL-1B+
TGF-B1)I [ 3£ [E Cusabio’A 7l; TRAF6% 7 BT
1A [ Santa Cruz/A 7.

12 7%

1.2.1 pGCsi-TRAF6-shRNA A A% & & H 4K 89
MR % 7 LlGenBank T AT I/ ELTRAF6
mRNAFFI(NM009424) 4 2% 751, 5% EIn-
vitrogen A # fI7EZZ ¥ T - BLOCK-T™ RNAI
Designer, Jiiik 442k L& EsiRNAFS:
shRNA1(900-920). shRNA2(1303-1323). shR-
NA3(2324-2344). shRNA4(3285-3305). LOOP
sERiE R T TCAA GAG, A PlpolyTYEHRNA
RETIZ IME S, Pkt BamH 1 FHind
IEE VI £ shARNASEZ T RT3 K Negative-
shRNARIE B B AL B O RHE A PR A 7]
B AR, A I B AR R I B AR AT B ) A0
P S A IR

1.2.2 Zafe3d i B4t 4: R PBEDMEME; 372
(%100 mL/L FCS, 100 kUL EEZ X/ HER)
7£50 mL/L CO,, 37 C, YRR &4 F R 9%
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£ 1 FHHEEPCRSINEDI mia £ 8

HaE e
TRAF6 R L2
2R L2 ENREC) LPS12 % 4 % 1
. > . = RIS T, T
reverse 5'-GTGGGATTGTGGGTCGCTG-3' 59 £ B Fe R
IL-6 forwards'—= CCACGGCCTTCCCTACTTC-3' iz g;f ;fi%;
reverse 5'—= CTCATTTCCACGATTTCCCAG-3' 58  Yang % 51 % K
COX-2 forwards'~GAAGTCTTTGGTCTGGTGCCTG-3' JLTRAF65k % #

reverse 5'-GTCTGCTGGTTTGGAATAGTTGC-3' 58 e X 4 A TL-6
: 0 0 CCL-9, IL-134
B—actin forward 5. —CCGTGAAAAGATGACCCAG—IB R 5 8t f
reverse 5'-TAGCCACGCTCGGTCAGG-3 60 2 @ FeeR | &

RAW264. 741 fl. ¥ ZLHi24 h, EREHALAN, &
A0 M Fh T 6 LR, 24l BIIC & FE2170%-90%
AT R, 22 B F250 WL TG I i B 97 RE F R
DNAFITrans Fectin, ¥$DNA(g)/Trans Fectin(L)
F22 1 SR, ERFE20 min)s, K500 pL
RAYIINN BN 5 MG R R A, #5544 h
Jo R IR AL, F2REEHRIR. ERGH
IEH N RAL(CA) BAtEXT A (R eNegative-
shRNARIEZAAR 4 M, BINiZH)FI 4 b
YL (%5 YepGCsi-TRAF6-shRNA-1, 2, 3, 4335 #
&, BIT6i-1, 2, 3, 44), BAHIRINMNE L. 2
UG Je48 WG RSO B T g R IL G 5%
HerI4n M, PiWestern bloti I TRAF6(HUiAL ©
200)% HERIE, Wi Tse i kI E 4 Rk B ik
pGCsi-TRAF6-shRNA1, 2T 4E F o, ok
$£pGCsi-TRAF6-shRNA1, 2317 J5 4K 5216
1.2.3 MTTEAR: ¥ AT 058K 8w
RAW264. 741 ffL A3 X 10*>/FL %5 FE B 96
FLRE ML, 37 °Cy 50 mL/L CO 41 F 159724 h
JE AT, S8 IR R G0, 24, 48,
72 h, FFLIMAMTT(S g/L)20 uL, 4 hJaW LA
B R s, AL IMA Z R ETHF(DMS0)150
uL, #% 10 min, 7ERGHEC SR _EH490 nm
BRI A), Ao R, FARER
FEMICA ML L, THEIHIR, s
LA M DL, $HIER (%) = (1-A L5 41/A
X HE2H) X 100%.

1.2.4 S350 R A2 KA BN T8 97k L
F:9%24 WG, # 4 FRipGCsi-TRAF6-shRNAL
2, W HEEY48 hg, F100 ug/L LPSHIEL, [
AT IR AL (DBAPEXS 41 FILPSALBE fy [R] i
I ZEKFA(DM)0.5 mg/LT 15 (2) B3R IR
2H: ¥ YNegative-shRNA TR 5 HLPSALH; (3)
25 P10 IR 100 pg/L LPSAR BT A A ik 4
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B (HIEHEX A AH PR Qs AHLPSAE
i FHIANEAL.
1.2.5 &8 B FTNF-o.. IL-1B. TGF-Bl4&m:
LPSHI¥0. 4. 8. 16 hjF, 4> LS AL
VG, 70 CRAERFAS, B 5 S % IR B 2 I e
TNF-o. IL-1B M TGF-B1, k7 & vt I B2k
HAE.
12,6 %% FPCR#AMTRAFG6. IL-6. COX-2
mRNA% i&: LPSHI¥24 him, 4 B EE &4
J2, RBUSRNA, WTEA /A5 41.75-1.95. B2
ng RNA, W0 3 3R 70 23420 pLidide ik R
H HicDNA. PCR5 |49 H N A 24 Prima5.0 % it
(F1D), HEBEETER. RAEERPCREMNAR
25 uL, 4500 ng cDNABEHR, IR 4250
nmol/LI¥)_F Fi#5# % SYBR Green Realtime
PCR Master Mix 12.5 uL. KN 414495 C 60 s;
95 °C 15s; Bk 15's; 72 °C 45 s, TelsE, 401
TR, B REATE 3. U CTE (B2 )%
715 H R3RE R R AR X s 1) LS 1 40 A o R
1.2.7 Western blot#&i| 4a it 4z INF-xB p654 %
i5: LPSHI24 )5, 4 'C PBSHFRBEL AN 3K,
PR G U EUZ B 1, <70 CHRAF, %D
SER AR SR R . BR20 pg R, LA
1°10% SDS-ZW ML BERS, HIKIEHEI, 5%
JIE U Wy def P & L 9 5 45 min, 43 A INANF-
kB p65HIA(L : 500)F1p-actindk Ak, 4Cik
A, BRI AL — 51 © 3 000)=FiRFFH1 b,
4 )5 LAB-actin kP 2 ff, F AlphaEaseFC 4.0/
B WTERAF AT I 53 HT

it A0 BE s, A R R
fimean+SDFIR, N HSPSS15.048 T3k b 2
K, YA HORE A LR X R R 0, &
21 H A R LL AR HR R 35 07 72 43 BT (One-way
ANOVA), P<0.05h Z= 5B g it m X.

RE AT, NF-xB
pOSA IR Y, K
i 39 ) KRB
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WA # & L
AT 5B i A

ERC I IS §
TRAF6 shRNA
#FERAW264.7
mie, XA N>F
/a3 o)l
RAW264.7 48 3%
74 & LPS/TLR41Z
54 FE T A
X K MR F F=NF-
kB p65%& & Fo/ 3,
mRNA & ik T4,
F A4 H TRAF6
Hhe, e R EE
A, F R R SRR
AR EFENE
B ML

i L] EEXRICA PRIEXIIRINIZE T6i-148 T6i-248
(h) WasofB) Aol == AuolEL IR (%) AwolEL IR (%)
0 0.23 +0.06 0.22 +0.02 435+0.06 0.23+0.11 1.563+0.57 0.21+0.13 8.69+0.72
24 0.39+0.02 0.40+0.08 2.26+0.05 0.38+0.06 256+0.14 0.40+0.10  2.08+0.56
48 0.61+0.07 0.57+0.03 6.56+0.13 0.58+0.07 4.92+0.55 0.58+0.04 4.71+0.17
72 0.98 +0.04 0.96 +0.03 2.04+0.07 094+005 4.08+0.23 0.97+0.08 1.02+0.23
2 #ER A T6i-1 T6i-2 T6i-3 T6i-4 Ni C
TRAF6 , 60 000 Da
2.1 RRARAIHEMITRAF6E & £ T6i-1,
= * . B-actin e m—— _—— a_—— o) 000 Da

2 5C4 . NiZi#itk, TRAF6EARZEHNE
F P P<0.01), 525645 R KX WpGCsi-TRAF6-
shRNAL, 2768 [H/K T B HAHI TRAF6H
RiL(EIA, B), HAHZECIZ AN BARAVG
. 4100%) 735 479.17% 68.74%. T6i-3, 4415
C4. Nl [ i ZRHTC B E M E X (@P>0.05).
2.2 MTT kA & 20 5 45 5 4m ReL 38 75 649 %ol
Puii S EshRNAE 4 AR0. 24, 48F172 hJ5,
(A NI 5 CAE, ERTLEERR N,
[ I 5 T6i-1, 240 SN L E, ZRBELKT
2w X, FRIHHI TRAF6# A IIshRN AR 441
ERFRIRAW 264. 711 8458 I B B3 HIE FH (R 2,
K 1D).

2.4 TRAF6 siRNAXTLPS# -5 491% X m it B -F 69
%% LPSHIMJGE, TNF-o. 1L-1B% I 2 5 1
1, ZEYIT8 kg, T &40 fAELPSH
WA R A A ], AR S Sl K R,
Bps KR = (BERL S 25 A S E-1) X 100%,
A L T6i-1, 22 ZLPSHIES, HTNF-o. IL-1B
A48 K I A T 25 6 BR(L P S) 4 (P<0.01,
FE K A R WoR), S EA B KpGCsi-
TRAF6-shRNA-1, 2% 4 A\RAW264.741 il 5 7] #
S 5 A R T TNF-o, TL-1B1(1 23 WA(E2).
2.5 TRAF6 siRNATLPS# 8 TGF-B144 %
LPSHI G, SHMBWTGF-pIRIELILE Lifa
#. 8 h 5TNF-o. IL-1BLLER, HRIAAR L
X 2E, 3 HTGF-BIFREE T 16 hikFiE, iR
FTNF-a. IL-18. NiZLRILPSAL K2 7E8 h
F16 hisf B & & TT6i-1, 240 (3P<0.01, BK %
Kol A oR), U TRAF6-shRNA A B 30451
TGF-B11 74 (E3).

2.6 TRAF6 X F LA TRAF6. IL-6. COX-2
mRNA# &h B HRAW264. 741 fu F TRAF6
mRNAM RIS EARRAK, DALPSHIBETRAF6
mRNAFIZIE B T IN(P<0.01), T6i-14H 45

B 300" JTRAF6
M B-actin

250

200

150

100

TRAF6E [ 78 /K-

50

T6i-1

T6i-2 T6i-3 T6i-4 Ni  C

12.00 o Ni

B T6i-1

10.00
8.00
6.00
4.00

2.00

D

GLHTRL 5 AR AR RETEHTIE (%) ©

S

0.00
# T6i-1 T6i-2 T6i-3 T6i-4 Ni C

1 Klﬁllﬁ*ﬁ%%iﬂiﬂ@TRAFéEEli%ii A: Western blot
#llp GCsi— TRAF6—shR NAX TR AF6EE [ iR E20H; B:
pGCsi—TRAF6—shRNAX TR AF6:E FHIHIZR L E: (P<0.01
vs CZ. NiZf); C: pGCsi—TRAF6—shRNAJFRIEZL48 hf5
TR EUEER AW 264 7281 x 400); D: MTTEERG IR
SEMEshRINAEEZH TP AL AL o & 2R A AT .

Y, F-TRAF6 mRNARIX 5 IEH 5 4] L
B i R %, iF I TRAF6-shRNA 1YL ER RN B
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%%, 2. TRAF6 shRNANYLPS/TLRASSESBBEVAINTER 2641
A 7.00 ooh i AR
6.00 msh JZELPS/TLR44Z
~5.00 300.0-®16h KR R S
2 4.00 TRAF6 & B i 2
= 3.00 R TR K
L 500 3 2000 J8.B T (TNF-a.
= oo 2 IL-1B. TGF-Bl.
0.00 = IL-6. COX-2)#=
C LPS DM+LPS Ni  Téi-1  T6i-2 & 1000 NF-xB p65%& &
= F2/FmRNA £ ik,
PNCECEINOE 3
0.0 KIE R, Al R

C LPS DM+LPS Ni T6i-1  T6i-2

2 TRAF6 siRNAXILPSIHESHVEXR MIBR FHISZIN. A:
TRAF6 siRNAXLPSHE FHITNE—ofJ5201; B: TRAF6 siR—
NAXTLPSIE FAYIL—1 BN,

W, SHEARNERAHELUELA, B). TRAF6
LR PCER AT 0] B R L P SRS IL-6FCOX-2
mRNA [ (P<0.058£0.01, E4).

2.7 TRAF6& B 3% %t 48 iiA% AINF-«B p6589 &
i #eh RAW264. 740 /e TGP SHIBN, 40 fatx
NF-kB p65FK & &R /D>, LPSHIBENF-kB p653%
i G, B AN 0 B NF-«B
p65FIE S W B K T T6i-1MT6i-241 (& 5), &
N J TRAF6-shRNAJ5, & B i FF{KNF-kB p65
WAL

3 11e
LP S22 PG I M AT 17 A A BT B TR B A T i 3
it R () At B RE IS 22 B B, R B L R) RORE
RNEGER 7, FEETSREZ-ERHARARS
TLRAAHS &5 FAHN AN, LPSIE
SHCATLRAM N B S 88 40 1L 5 188 (my-
eloid differentiation factor 88, MyDS88)HITLR%
PSSR I, HETT 25 A A 35 - 1 B2 AR A G I
(interleukin-1 receptor associated kinase, IRAK),
FHUIRAK-1BERRAL, 755 IIRAK-15TRAF6
TEMEEY, BABMIENF-«BMAP-1, B8
TNF-o. IL-1. IL-655— R SCRESH M 1 (1) K
HRIE, 5IRALHIREGS". WLPSSBAKAE KM
(1% 48157, FLITMyDS88%ITRAF6EL, BEAE—
E R AT B LT P 5 28 AN, AT LA
157 00 00 AT JE 4% 1 1 T
TRAF6ELPS/TLRA{E 55 SiB I EE
fEr e 1, A BE AT AN F-« B S M BF (N F-x B-
inducing kinase, NIK), 3R]0 Tollfs 5 34k IR
SF 231 1 T R 42 2 R TR AL R F1S/ERK
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C LPS DM+LPS Ni  T6i-1 T6i-2

3 TRAF6 SRNARILPSIE SHITGF-BIHIBAN.

YRS (mitogen-activated protein kinase/ERK
kinase kinase-1, MEKK-1), &MyD88##i 4 (5
SHSIREFEEAS Y. LoniewskiZE "k
ILTRAF6EERI B B2 FEKLP S15-F c-Jun®
FEK Uity 34 (c-Jun amino terminal kinase, JNK)#!
I-xB#FERIL. YangZE 50 K L TR AF 65K (1 AR
KMMIIL-6. CCL-9. IL-134 pikefs 3F H.40 i
F I FceR T BURAERERS, MITHIH] 4 5E s W LA
T RN R FR R G A . Machad o™
WFFTUE S AR 4 A F I TR AF6 48 1] 3 2 341
P SEOR A B = A2 2 RE R 7. BRIk, TRAF6/EA—
PP 2 NF-« B %, RLPSE S FHK
BT

Az e R BOR, B FRipGCsi-TRAF6-
shRNA-1, 266 E SHI TRAF6 mRNAFIE A%
ik, UiBH A TR ] T TRAF63E K )
ik, KR IN, TRAF6IE KRR o S8 £ #
AP AP IhAE AL, HE R T, Lomaga%!™
RILTR AF6-/-/)N B8 72 R iR A 51t AR 5 S2 BRI E
T2, Bk, 25 TR AF63E BRI i /> RAFAE—
SE RIAE. MAARSEIRMT TR RS, BTG
72h P X 4 14 5 TG W 2 0, U TRAF63T
TR S5 DRI R0 T 1) pAY ) 4 A A7 B 2 5

RN A28 BUFERNA(dsRN A)ZE 4 g i
Rt 55 2 Y AN mRNAREMRE, A
5 1R FE R e 3% 5 KT U BRI A 1Y RN A,
ARATCAPRIE, T8, BR b 3R AH R R 1R
FIShREN0. Rtk AR FHRNAL BiR, WL
TRAF6 siRNAXT 4&E & M (1T F/E . L5k
M, IEHRAW264. 741 i TRAF6 mRNARILH
HADO AL, LPSHIEJE, TRAF6 mRNARIRIA
U] BN, I TRAF6 mRNAZIE 5 LPSHIE
AFAE R SRR R

VT AE SR BFFTAFE W], TNF-aff A 5. 300 48 5 4
Mo DR, AT aE ik A 28 A A L PR (IL-1B+ 1L-6

BHF SR
KBy iE w4
JA ¥e B 4R Ak HT 6
LI AEIE,
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W@ 5 FU A 5ok d B 6.00- d d ﬁﬂ 8.00+ d d
D ETRAF6ORE iy 4000 g & 6.00-
Rk BEETR 2 g o] @ 4.00| X E a a
A EFLPS T b 2 3.00- Z 4.00- a
P = . z .
Mite, £BEF 2 2000 b Z b b % i
YUY S T 2000y T 2,000
B, AlekpEk £ 1.00F b b ¢ 1.00f x
N ES TS 5[ .= g ‘
T = 0.00 e O Y | L. 2 0.00 1111
WK IER R, B T 0 0 DM Ni T6i-1T6i-2 i 0 0 DM Ni T6i-1T6i-2 i 0 0 DM Ni T6i-1T6i-2
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