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SEEE DEZR-FABEEXS FRIEMHE LPS iF 4 B0k r) KR
TRE, LT, MAE A5 T (400038 TR, 5 =B  PU R B BE L A R L)

(=] HIY WES ¥ (chloroquine, CQ) | g £ 4/ N B % (lipopolysaccharide/endotoxin, LPS)
T8 ) L 4 i vp v -2 (R & 4t ((ubiquitin-proteasome system, UPS) £ ¢4y 1 A20, TRIM33 I
USP28 FIkys2mi . Jiid W] LPS J/IN B Raw264. 7 AT, 90 1 PCR A B2 AL 4 57 CQ i
LPS P 3hE I A20 12 3R JEHME TRIM33 FiZ 3R F¢ 5 VE 4 1 USP28 1) mRNA ik, Western blot £
T CQ % LPS 75 A20 il TRIM33 A7 142535 . LT sRNA S5 RTIR A20, 5665 5 PCR Kol CO
X LPS i SR PEAUMI A F TNF i) mRNA 35, &5k 5 LPS X[ R4 LA, 2 CQ ALY Raw264. 7
A0, A20 \,TRIM33 | USP28 fi) mRNA ik @ 2% Fi#E [ (3.197 £0.013) s (1.292 £0.009), (1.627 =
0.113) vs (0.797 £0.083), (1.387 +0.144) vs (0.742 +0.061), P <0.05],A20 F1 TRIM33 gyEH %
R ERE B, SRHAT sIRNA 40 A20 JE[AZ0K N CQ AL HEAH 40 g rh LPS 355 TNF-o mRNA ik
B2 [ (7.650 £0. 113) vs (4.145 £0.120) ,P <0.01]. &5 CQ A 5.2 [ LPS %4k 1 E W4
Marhiz 2= AL AH OC 48 F A20, TRIM33 i1 USP28 {1 K3k, 1 T4 A20 A KA v] i 2% FiF LPS % fb
Raw264. 7 g h TNF-o ) mRNA 3%, #7792 K- A RHA R 5L A 2> 7245 CQ fillfi] LPS-TLR4
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Chloroquine inhibits LPS-induced macrophage activation through up-regulation of

ubiquitin-proteasome system related molecules
Ding Changyu, Long Yupeng, Yang Yongjun, Zheng Jiang ( General Laboratory Research Center, Southwest Hospital,
Third Military Medical University, Chongqing, 400038, China)

[ Abstract | Objective To determine the effect of chloroquine (CQ) on the expression of ubiquitin-
proteasome system ( UPS) -related molecules A20, TRIM33 and USP28 in LPS-stimulated Raw264. 7 cells and
the role of A20 in CQ-pretreated activated Raw264.7 cells. Methods The mRNA expression levels of zine
finger protein A20, E3 ubiquitin ligase TRIM33 and ubiquitin-specific protease USP28 in CQ-pretreated LPS-
activated Raw264.7 cells were measured by real-time PCR, and Western blotting was used to detect these
protein expressions. siRNA transfection was used to silence A20, and TNF-oo mRNA expression in CQ-
pretreated LPS-activated Raw264.7 cells was tested by real-time PCR. Results The mRNA expression levels
of A20, TRIM33 and USP28 in CQ-pretreated activated Raw264. 7 cells were significantly increased compared
with LPS treatment only (3.197 £0.013 vs 1.292 £0.009, 1.627 £0.113 vs0.797 £0.083, 1.387 +0. 144
vs 0.742 £0.061, P <0.05). The protein expression levels of A20 and TRIM33 in CQ-treated cells were
significantly increased. TNF-a mRNA expression was up-regulated in CQ-pretreated cells after siRNA
interference of A20 (7.650 £0. 113 vs 4. 145 £0. 120, P <0.01). Conclusion CQ effectively enhances
the mRNA and protein expression levels of A20, TRIM33 and USP28 in LPS-activated macrophages, and

[(E€WB] EZEARPAREGH EOH (81171781) s FHKHTAFFL A BHITRIHTIH H (CYS15232)
BEES] 8 VL, M5 (023)68765971 , E-mail : zhengj99219@ 163. com
[fL5EHAR] http://www. cnki. net/kems/detail /51. 1095. R. 20160309. 0941. 013. html(2016-03-09)



1112 S = HE R ,2016,38(10)

http : //aammt. tmmu. edu. cn

mRNA expression of TNF-a is significantly increased in LPS-activated Raw264.7 cells upon interference with
A20, which indicates that UPS may play a role in the inhibitory effect of CQ on activating LPS-TLR4 signaling

pathway.
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g £ ¥/ % & ( lipopolysacchride/endotoxin ,
LPS) J& i 22 [ R B AP B Y 32 22 1 a3, 2 A 5 M o
(sepsis) & A=, & J B 32 2295 IR K AH 3¢ 4y 7 8L 5K
( pathogen-associated molecular patterns, PAMPs) , LPS
SHA RGN Z K (toll-like receptor 4, TLR4) 454
J& , i MyD88 {6 Al TRAM-TRIF K #i i¥) W 45 15 %
¥ B, A R N T NF-«B R IRF3 (935 1L, 5
& TNF % 1L-6 %40 g A 7o ekt .

17 & & H 1K & 4 (ubiquitin-proteasome system
UPS ) & ELAZ A0 A v 32 S B AR A AR 1) 2 1 I A 2R
72, 25 RIE M55 7% 5 e s A 4 U8 T Al DNA
BB A ppiE ah' . UPS iz 161k E1 .32
REG B2 2 RIEHEEG £3 . 12 R 1L DUB Fi 268
B EBHAA . 8 Z 2 e —Fh AL i AT 3
RN, TE E1E2 F1E3 (8 B[R 4R R 9 88 B i 4%
ZRTFMRAZ R B, 4 5, DUB A4 AT )2
R A FEEMEZ RS T SIRYEAmE . RO
SEAESE, 75 LPS-TLR4 {3 238 % 1, TRAF6 % IKKy/
NF-kB essential modulator(NEMO) 2 5B HMZ &
125 NF-«B (i AL A2, Rt UPS A5G4 T 7
REXT 1% L0551 A T2 R A A 50R35 T IR R
SEA R AR, 2 5 NF-B i, T4E K% RS
LPS-TLR4 {553 p& H IR ¥ 1E F H 25 32 260, (H A
PR IREE LR A RR i — 22 I BIESR .

M (chloroquine, CQ) L IEL Y, e FAEH
—RYUE N TIRIK . JEEA M5 IR, CQ b H
A LV P A R A 7 TR A B AT o 1 W D B AR
HMEPRAE SN 538 22 25 B v o R R R
W R B, CQ HAT) i ML 28 1 1k, % 2 b S A1 it
AR TOA 2 A RIVE . (H B AT SRR R 1E
Y AR w5 AN B, A DRABTZH JT A 98 & B, CQ Xt
LPS 755 MyD88 i Fl TRAM-TRIF {5 1) ¥ 5515
i B BTG AR YA AR T, AT R E TLR4 W 4515 %
30 P A% B Sk 1 NF-B F1 AP-1 (1) 35 4, 70 4l
TNF-o 40 TR . JAT1iE & B, CQ Al
B microRNA-669n 383K, FIR/INZ 2 AH B 1
Y M H ¥ 6 (small ubiquitin-related modifier,
SUMO ) -specific protease 6, SENP6) [t ik, M T I

TR AP T TNF-o F1 TL-6 ZEf Bep ™ | ik B g
NZFEAMZEZ B et = 5 T & x) LPS
AT 17 NF-kB 15 1k DA K 90E A 0T 26 38 1) 1 458 1 7
Ry B FRATTR A 2 57 07 v 65 5 i R A AH 5 43 F
T BERF Y, B UPS M HAH G TRl eSS T I
R SAE P R . R, FRATHED CQ 1T fE i i I
5 UPS K HAF o> 133k Jd o, 1 &2 38 X LPS-
TLR4 {5538 BRI HIVE o A 78 40038 1 AF 58 S e
X LPS 1755 B kg4 g v UPS #H &40 1 1 3R 36 1% U0 I
5 JRRE AN 2235 B AH P IE , BT A Ml LPS
PRAE LA AT BEAIAE FABIL -

1 #B5H®

1.1 %5 A

FAME(CQ) K Im %A A LPS(055: BS) Hyll FH 55
[E Sigma 2\ A ; /)N f Raw264. 7 I B 32 [E ATCC A #;
RT-PCR 51¥) i Bl A9 TREH AR MRS B BRA A&
AL ; A20 I TRIM33 ik g [ 25 B CST 4 #l; A20
siRNA Hy ) 436 18 A 47 & B ; A20 . TRIM33 . USP28 |
TNF-oe FINZ: B-actin 5|4l A T4 B BEHE 53 B
AT AL 8 I 0 A AX 38 A 56 [ Bio-Rad 23 ]
e
1.2 mipii

/NERE R 2R Raw264. 7 Jil A 10% Jif 4= L35 1
DMEM 532G 2 6 FLAR, B CO, KiF-fa i & it
Wo ARIELIG B A ML 530 4 41 25 X B LPS
TEZE . CQ AL L FN LPS + CQ 41 (20 pwg/mL CQ Fikh
L1 h f0 100 ng/mL LPS e[l 4b 3 ) | &-2H 40 g 53 51
f£ LPS JiNkE 4 h J5 UL MedE4 T T — 2 Ab
1.3  RT-PCR # ) A20 TRIM33 #= USP28 # mRNA

& ik

BOWHE A= K1) Raw264. 7 40, F TRIzol izt 7] 3
ILEL RNA, DLE RNA Ry Bl 386 5% 5% ¢DNA |, I LA
cDNA iR #E4T PCR, 51917 9 40 F £ PR, PCR
FLR 25494 °C FiiAs P 30 s394 C 5 5,59 C 10 s,
72 C 15 s, 3L 40 RAG I ; A5 R th & o Je , it
Bio-Rad CFX Manager 43 81 X 1 i 17 43 #r /b B, R
2~ 480y AMHT A20 \TRIM33  USP28 fit) mRNA Fik!" |
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&1 PCRI|YFIE=YKE

5145 314751 ok
JE (bp)
mouse A20  _E{iEF41 5'-TGTGGGGTGTTCAGGATACTG-3' 77
TV 5’ -GTTCCGAGTGTCTGTCTCCTTA-3’
mouse TNF-o. | ii#/5%1] 5'-CTGAACTTCGGGGTGATCGG-3' 122
T 5’ -GGCTTGTCACTCGAATTTTGAGA-3'
mouse USP28 1% 51 5'-CTGCGAGAAATCACAGGCATC-3' 171
FEF 5’ -GCTGGTAGCACTCTCTTCTACTT-3!
mouse TRIM33 _|i#/5%1 5'-AGATAATGCAAGTGCAGTTGGT-3’ 224
FEFH 5 -ACGTCAATCTATCACACGTTTCA-3’
mouse B-actin i 51 5'- TGGAATCCTGTGGCATCCATGAAAC-3’ 349

T3 5'- TAAAACGCAGCTCAGTAACAGTCCG-3'

1.4 Western blot #m] A20 ‘TRIM33 45 %& & £i&

OB E K ) Raw264. 7 Zifiid, CQ I LPS J4b 3t
J& , 73 PBS Pk 3 K, I 19 240 i 2L U 84 L,
VKA 30 min, 12 000 r/min 2.0 10 min, B g, HH
FEHJE HU 10 ~ 20 pg S8R [ #E 17 SDS-PAGE Jf §%
PVDF Jli£ 5% BSA 253 5[4 90 min, —4 4 °C 3%,
PBST 7553wk 3 ~5 ¥k, &Y% 10 min, —$1 37 CIHH
2 h,PBST #4350 3 ~5 K, BRIK 10 min, 536 M o
ECL W43, B BE RS o 4t R o
1.5 A20 F st CQ FA & 22 LPS %14k 2m fe P TNF-o

% mRNA & ik #vh

IO A K 45 Raw264. 7 4, CO, 553546 vh it
", MEhE 60% ~80% #1T siRNA #5344 #4HB Roche
5] siRNA 2 L) 0 B 15 AT # 4k , e o 24 h 42
W, CQ TAbFE 1h , LPS #1341 h, TRIzol 2751 4 B 41 iy
&L RNA, DLEL RNA S A% 558 ¢DNA LA cDNA
MBHEFT PCR B, SR A 272293640 M TNF-a F
mRNA Fik & A20 1) TR E O
1.6 %it544

THETERL & =5 FIR, A i R SPSS 13.0
GEit At R R 7 250 Hr ik AT gt B

351

a
ﬁS.O—
%2.5-
%2.0—
S 15f .
g 10f l
05F
OJ 1 1 1 @
1 2 3 4

415 »

TRIM33 mRNA #ik

LRG3 B2 AEEaSem 3. AeAmud. N 55 + fobkma

2 HR

2.1 CQ LA LPS %% Raw264.7 @ A20 TRIM33 o

USP28 # mRNA % ik

RT-PCR 2553 R, 40 il 76 SERPIR S T A7 —
) A20 . TRIM33 F1 USP28 & fii 32 ik, 24 LPS 7% 4k
Raw264. 7 41, A20 () mRNA ik K 4528 () BR 4
A W] @A, TRIM33 F1 USP28 ) mRNA %35 K A%
T2 [0 HR AL i CQ Ak B FT 25 7 LPS il 3, A20,
TRIM33 F1 USP28 () mRNA ik /K F-45 LPS 41345 WA
W ERM(P<0.05,P <0.01, & 1), 3B CQ I3 m
LPS 5 3: (1) Raw264. 7 41l s B 45 B A20 \E3 % 3
if TRIM33 197 345 57V 2 11 W USP28. AR 4 3%
K
2.2 CQ LA LPS # § Raw264.7 m i ¥ A20 #=

TRIM33 #5%& & & ik

Western blot #5045 5 i 7~ , Raw264. 7 48 )i 145
BTAT A AE B A FERICIRZAS T, A20 A1 TRIM33 f5 — %
Fy IRl FE kA, CQ AL FE Raw264. 7 4, 44 T LPS
I, A20 F1 TRIM33 ()88 3R K488 LPS 4147 B
VK 2) Ul S 2 R LPS Hi Y Raw264. 7
YR REFR B A20 1 E3 jE 5 TRIM33 788 /K

1 2 3 4
A20(82 x 107) —> e— i ——

tubulin(55 x 107) —>  — — — — @

1 2 3 4
TRIM33(150 X 10°) —> sm— — — —

bulin(55 x 107) — S—————————— (1}

1.7 Gt em;2. NAZRIRA3 . s m 4. NFkE +
Aok
B 2 Western blot #&i] A20( A) 1 TRIM33(B) WEHFKIE

201
H a
W 15F
210
g _
&

0 1 1 1

1 2 3 4

20 5] 217
a: P<0.01, b: P<0.05 ,15 &2 k8t

1 EE PCR & CQ 4 E LPS iE{L Raw264.7 it A20(A) - TRIM33(B) 71 USP28( C) ) mRNA K%
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2.3 siRNA 48 A20 A B &5 2 3% LR CQ & 224
LPS 74 Raw264. 7 28 i, 7 TNF-a #9 mRNA % ik
RT-PCR %55 @ 71, Raw264. 7 2 fd 7E 25 T LPS i
U5, TNF-a ) mRNA ik 7K 45 B P X B8 4 45 BH 2
FFE, COQ kb Raw264. 7 40l , Fi 25T LPS i34, 1
TNF-o 1) mRNA 35K P-4 LPS il 41 At 3 ek /b
(P <0.01,/% 3B) , Uit B CQ FiAbFE ] i EHP ] LPS 75
S Raw264. 7 Zf il TNF-a ) mRNA 4 . 25 2%
siRNA %% 4t Raw264. 7 40 jfg & ol 48 41 ffg tp A20 119
mRNA ik (P >0.05, 8 3A), H252k siRNA 52
M) CQ FiAbHHE Raw264. 7 2 TNF-a ) mRNA ik
(P>0.05, & 3B);siRNA F# A20 H:H £k (P <
0.01, & 3B) , W& CQ FabHAN iy TNF-o 1% R
FIBKF (P<0.05, 8 3B) , #2718 A20 5 CQ # il
LPS {HALEWEZ i b TNF-o i) mRNA &35,

1.8

a
16F
14}
12k
10k b
08|
0.6
04}
02k @
0 L 2 1 g 1 4 1 5

415

A20 mRNA ik

TNF mRNA #ik

2 s
2/ 5
1.2 G BA2. REZREM3. NAFE + Je e,
4. NFE + Ak + 728 siRNA 28;5. B & & + &% + A20
siRNA L a: P<0.01,5 A& Z R 4s; b: P<
0.05,5 &% + &5 + £ siRNA 4113k
3 AEE PCR M siRNA FH# A20 RiEXf CQ &
LPS 55 Raw264.7 Zlia A20(A)F1 TNF(B) &y
mRNA %%

8
6
4 a
ol NI L L
1 4 5
|

3 itig

TR ZH FT AT 9T R, BLOE 2 CQ X LPS i S
MyD88 & i Fil TRAM-TRIF {6 (1) 2 4515 53 44
B AR, S TNF R IL-6 55 410 it DR ) B¢

i RINERA A LB, CQ ik SENP6 [ 1k, M i
T TNF-o £ IL-6 28 (B 3z B2z
ZAbZ A VEMH NF-xB 36 1b it 72, BRI FeAT7E
HIHA TAESERE a4 2 18, & B UPS J HAH 43
THRES S T LR M RAEM S A2 . B, FRATTHED
CQ A RBE T W45 UPS J HAH 5C 70 - 1 e 3k K i 1
HETIAP ] LPS-TLR4 {5-5-38 [
TRIM33 F: 4| TCF-B 115 5 gl e i ', USP28
E% 25 DNA s &7, TRIM33 1 USP28 7¢
TLR/IL-1R i % M CQ #0+i] LPS 75 5 Wi 40 At 3% fb
FITEF M ASEAS . A20 25 F i TLR/IL-1R 55 NF-
kB B LRI 28 P 4 i DR A e TR e %
A20 4754k siRNA FHE5t CQ Bt RIGHEATRZ I .

P8 A20(zine finger protein A20) , N4 TNF-o
17554 [ 3 (tumor necrosis factor a inducing protein 3,
TNFAIP3 ) S22 ffd ] T- B 5 Hh & B0 A — o e SR 38 )
TR LS JE TSR R e R
FRRE, FE N I 2 e 2B B 1 g Y DUB 5 #43 OTU,
C vy HAT E3 32 RIEHRHE MM A8 S5 M 4 ik, IR itk
A20 BEEAT Iz ZALTE T, A 2z Zeahfe! . Rk
(R 5T 22 B A20 A4S0 AT 1 41 1045 P9 Bz 40 i ) NF-kB
FEPEN A TNE/TNFR -S54 g vt i LAy
2 5T TLR/IL-1R 55 NF-«B 11935 16 AL 58 Pk 40
MR T B S L A20 & NF-xB R MM 3k, 24
NF-kB # R H G AL, A20 5 NEMO (IKKy) 4547
il IKK F1 IkB BERR L , AT 982> NF-kB 1 i —2
LA E B B A R A20 B R
Baff 5 T LPS-TLR4 5 j% . F 8 TLR/IL-1R % 5 NF-
kB G AL IS, IRA CQ J277iE T A20 #ijiil LPS i &
E WA 1 fee? RATHFSE R IPTIEL CQ nl B
W LPS Rl E W R A20 A9 mRNA FIEE %k,
1M siRNA T4t A20 FEF ik, CQ #li| LPS % 5 R P
K7 TNF-a ) mRNA KRB, F L A20 25 CQ
TR LPS il B A e 4 AR 4 i P F- i mRNA SR
1K, siRNA 5 YL B R PR A20 FE R 3655, T34 0
CQ FALFEANAfLH TNF ) mRNA 335, #/8 A20 n] B
J& CQ Ml LPS S IE S A — -4 A5

Rl ASBFFE iR & B CQ AU AT i 3 | TRIM33
() mRNA F17E (4 235, i ELAl 380 USP28 () mRNA %
ik, TRIM33 5E iR SMAD 5 4495 TGF-p i & 3%
DR 3l 1 19 45 45 1 68 9% TGF- 3 %', ifi USP28
SR (A5 A0 Mye SRR R eSS
DNA gt &, {H TRIM33 F1 USP28 75 48 E Fl
LPS-TLR4 i % 9 /E A B8, ABF 98 3041 & 8L CQ 1]
HEhN LPS 55 Raw264. 7 4fijffirf TRIM33 () mRNA F
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EFE5E, & USP28 11y mRNA 33k, B TRIM33 Al
USP28 Al figth =5 CQ #lifil LPS {H{k il TLR/IL-1R i@
S e PO R (SMERYNTLE oy I R R s 221 S

AHFFE AL CQ A REE 1 UPS #5640 140 A20
TRIM33 i1 USP28 i 7235 I & M 1 52 B % LPS-TLR4
WP IEAL ], B A20 25 CQ #l] LPS i 5 B Wi
A0 Y 35 fb i B2, {5 TRIM33 F1 USP28 ¥£ CQ 4111 1l
LPS-TLR4 i % H i) EL A 8 ¥ AL b HoAH BBk R A
friE—2 BT .
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