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Molecular Mechanism of CD11b Regulated IL-12
Expression in LPS-Stimulated Macrophages
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Abstract: CD11b is a member of the leukocyte integrin family, which plays a significant role in the pathogenesis of
inflammation. In an endotoxemia mouse model, we found that lipopolysaccharide (LPS) caused a significant decrease of
interleukin-12(I1.-12) in peripheral blood ,and pretreatment with CD11b inhibitor effectively prevented the occurrence of
such event. To elucidate the underlying molecular mechanism that CD11b regulates the production of IL-12 under LPS
stimulation , we performed further studies using RAW264.7 cells. Results from Enzyme-linked immunosorbent assay , real-
time quantitative PCR,and Western Blot demonstrated that, CD11b inhibited the expression of IL-12 in LPS-stimulated
RAW264.7 cells. Knocking down the expression of CD11b increased the expression of 1L-12p35 and IL-12p40 at both
transcription and protein levels in RAW264.7 cells stimulated with LPS. The regulation of CD11b on IL-12 expression
was closely associated with the activation of JNK and NF-kB signaling pathways,while p38 and ERK signaling pathways
were less involved. Thus, this study suggested that CD11b inhibited IL-12 production in LPS-stimulated macrophages
mainly via JNK and NF-«kB signaling pathways, and inhibiting the function of CD11b may be of help for attenuating
excessive inflammatory responses induced by LPS.
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PR £8 9 2 R JE R TR TT 7 VA 2 N AR A [ R

TL-12 & H p35 I pd0 B4 007 A4 )8 A 5 AR R4 M 7. B REEIA S IFN-y 774, 1A S
ThO 41 Thl ZHAE b, JE I AR A G 55l I P R e R AR 2 ) TL-12 X ey b B +
Y EBLIVEFI . NS R 25 R IR B R T M R I IFN-y 1 IL-12 B2 A2 080, T IL-12 #4711 fE
W S B S A AE AR Cristina 45 & BURAT 2 Ji7 B 33 15 B WEAN IR i 9 CD11b 25 A& 08 A fs R4,
i IL-12 A=A, M EREAEAETC CD11b B, A A & i o s ik HAth 32 AR A7 40, N5 TL-12 /Y7
A8 CD11b/CD18 E AL A E R WA Z —, Bl o F1 B P40 LUAE A S 2025 A i ).
CD11b [FRIKE K GA3Z Z Rk 775, CD11b AT 55 ZFpEC A BAE |, 76 240 I [R) RS B AN 98 5 19 & A=
KR R EAE AN ARSCE N IUAE /D SR % B0 LPS S 3 A ML TL-12 /K F#AIK, 1 CD11b
PHIFIRERT IR RS KA. AR SR RAW264.7 40 FF I 1 i — 20058, h ] CD11b 9845 LPS JlF T
IL-12 FRA R FALEE. T A SRE A A FH B R P ML, A PN 35 2K T 3R T S L BRI (R 4l

1 AR5k

1.1 ##y
1.1.1 %A

AR TR T A B 2R T R R JEES DMEM 15 3% L FUIG 4 1035 04 T Wisent 24 F]. LPS FIFLBE
(B-Lactose) I H Sigma-aldrich 23 7). RNA 2B & 4% 5% i35 & A1 SYBR Green )4 F Takara 2%
Al. Fugene HD FEYUR A T Roche 24 F] /N R A FEILF AW T Biosciences A H). /N IL-12 ELISA X7 &
W TFHUM R A B AR S F. NS A# T RIPA W VT 95038 = KAEYH AR A F. Gu-4 RIEFAL Rt K24, &
A T [ 25 4 A AL FRAA ], HZE KA I T 2 B2 25 Mk A BR A F]. CD11b shRNA Hi QIAGEN /3 H]
A 51t A ) T AR BRA A K

o RE P i F Y —#$T IL-12A A1 CD11b HTAKIE T Abcam /A 7], Phosoho-p38 ( Thr180/Tyr182) \p38.
Phosoho-JNK/SAPK ( Thr183/Tyr185) . INK/SAPK . Phosoho-ERK ( Thr202/Tyr204 ) . ERK | Phosoho-IKKa/3
(Ser176/180) ,Phosoho-IkBa( Ser32) IkBa HLAA ¥4 T Cell Signaling Technology /A F]. IL-12B . B-actin 4T
PRFIBRAR i E ALY (HRP ) AR 9 ISP S —Hie 1 B ot U A W B A BR A &), BRAR L A A W b
I LU 2EHT B B MR R R A BR A .
1.1.2 Fhapsed

P P B 2R IAE /N AR | 18 g ~22 o MR TCR /R A A R BE LI SE 5 s 4 o, 1PS H i T
A HER K i B/ INEUA R 0.005 mL/g M8 TS LPS(37.5 mg/ke).
1.1.3  Zmfassik

/NEUE R RAW264.7 A SIS S ARAF. 7 5% CO, .37 CHMIEEFRA PR 3% iR N & A 10%
G M3 100 U/mL $5 2 A1 100 U/mL 7% % 1 DMEM.
1.2 EWAHE
1.2.1 AX A

/N BN 7 2R I E R R 3 o AR B ER K X PR 2H (0.9% ) . Gu-4 AbBRZH (800 nmol/kg) . FLAH kb B 2H (800
nmol/ kg ) FlIHb ZEKIARE L] (1.3 mg/kg) (FF2H n=10) , I TIEI7 I 25 Wy 200 i T A= BRER K. /N BUIE i v
S LPS 30 min J& , EE KIS AR BT 259, SR i 0.005 mL/g. #AFH 1 h.2h 4h.6 h 8h 10 h
SN As [) A5 /N BRI AR, 3 000 r/min 2.0 10 min, BUE 7, F /N BRARE IR A T1-12 40 i X 77K
AR Ak
1.2.2 RNA Fit

RAW264.7 41ELA 5x10° % 80T 6 fLAR, K CD11b Clonel shRNA Jfiki CD11b Clone2 shRNA Jii
HL S Nep shRNA BHP:XT REFRLE 13 Fugene HD % Uil A THE G, U5 48 h 47 /5 22525,
1.2.3  ELISA #n)

FIFH ELISA IR 70 &2 535 3w b 40 MBI TL-12 (7K | 43 AR R & Ui A B R4 T4 4 | 3 ok I
0D450 nm [ EIIE K bRt Fh R EAT TL-12 () .
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1.2.4 8 ZZ PCR F1 ZHEEBPCR3IY
;F[Jﬁﬁ RNA %H&iﬁi”@ P]Z*% ;J;P* it} U‘EED% Table 1 The primer pairs for the real-time PCR
LR BB B RNA. 2005 Sy D LUl el

IL-12p35  5'-GTGCCTTGGTAGCATCTATGA-3"  5'-TGCCCTTGTCTAGAATGATCTG-3'
RNA i1 ﬁ%%;&%‘iﬁiﬁﬂ: 80 CYKH  1L-12p40 5-GACCATCACTGTCAAAGAGTTTC-3'  5'-AGGAAAGTCTTGTTTTTGAAA-3'
‘:F'{%ﬁ QX&%%%&?UEU <DNA # quﬁ‘/tE B-actin  5'-GTGCTATGTTGCTCTAGACTTCG-3"  5'-ATGCCACAGGATTCCATACC-3’
it PCR 797, [ s ST 2 £ PCR B2PRER ™ H5 4% I Takara 23 AU B 7.5 1 9P 50103 1 Fos.
1.2.5 Sk épid

FEEBEFEIE ] 1xPBS 5 UE 3 ¥k, FFLAINA 200 L RIPA 2@, B T 0K F24% 30 min. 12 000 r/min
B0 15 min, BUEIEMA 2xLoading Buffer J£2,99 °C ZFE 5 min. 10% SDS PAGE Hiik , % B HEH E PVDF
1, 5% IR A W5 dt 1] 2 h,4 CIFE —Hiad 7,37 CHFE BRI S YIBARIC A — 30 2 h, HJ5 Ll ECL
(GRS R TR
1.2.6 %itsa®

KM GraphPad Prism 5 FAFor 8 | 41 1] 2% 55 R F Repeat t—f 50217 HeA. SLERE & 3 IR, p<0.05
hzESEAGIHEE X
2 g
21 Gu4BRIRENEFEMAE/NRIE M IL-12 B975~4%

P gt P B R IAE /N BT A RS IR I6 YT 2459 (VR 3ERK  Gu-4 ZLBE ML ZER AN ) b3S 46D /) B
HRE I IL-12 B ZLBERTAEY) Gu-4 & DA 2R % 2R i DU i SLE R %, 25 A9 =R 81 1A, Gu-4 &
CD11b BY—FhIMHIF]. RTHIITSE K Gu-4 S350 CD11b 1AL 5 A Z2 G/ 3 T WA R 2 2h
HFERANE R FHEXTRE 259, AniE 1 7R, & B ZEORPA AL BEAN 1L-12 (/K- JC B AR Ak, A B ER 7K X R
LRI FUBE AL FRAE TL-12 AR IS FHR. Gu-4 AbBRZ  1L-12 7KF-B S 7, 76 4 h B IL-12 K7 B 3
o TR B KOG B B AARIKAES5 R R, CD1 L #0157 Gu-4 BEA R =y P9 35 28 ILAE /)N RN Il Hp 1L-12
7= A

E /% Gu- 4(MW 1591)
% —NHCCH CH, CHCNH—|: %% HoE OH
oﬁ\v %% =

B 400 - pag
[ Saline

= 300 F O Gu-4
E @ Lac
=11]
& 200 M Dex
a
= 100

Oh 1h 2h 4h 6h 8h 10h
time after LPS injection
A.Gu-4 A2 MW 3 FhE. B/ BN 38 3R AR A5 20 43 S A R 7K oF B4 ( Saline ) | Gu-4 AL B2 (Gu-4) (FLBEAL B4
(Lac) HbFERIAAEIRL] (Dex) . RAR AL IS A RIS RS (AN BT 7R = 10) /N R AR & 1L, A 30 = 48 i H AR ARSI TL-12 A7k, 543
KM, * p<0.5, * % p<0.01

A.Chemical structure of Gu-4. MW, Molecular weight. B.Mice were divided into 4 groups,saline control group,Gu-4, B-lactose , or dexam-

ethasone treatment group. Blood samples were collected from endotoxemia mice(n =10 for each group)at consecutive time points( as depicted
in B) and subjected to flow cytometry. * p<0.5, ** p<0.01 vs. saline
El 1 CD11b #MHIF Gu-4 BEAXIRE W E R MAE/D R SMNE M IL-12 K7KF
Fig. 1 CD11b inhibitor Gu-4 can effectively elevate IL-12 level in the peripheral blood of mice with endotoxemia
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2.2 Ei{E CD11b 123# LPS %% i B 140 A IL-12 BOFE 5l

YRR L, B RAW264.7 /NERE WA L — 20 T J SE 0. AL shRNA F2AREAIE CD11b [k, AN
RN CD11b TSR INE 2A Fi7R, LA Nep shRNA AF R BAPEXT BE ki, CD11b shRNA clonel BYTFHRCF:
Bl T2 540525, Nep shRNA ki Fl CD11b shRNA JFoRiZr S YL 45, LPS (0.5 wg/mlL) FEA
[ s ], WACAE 20 L 3 A TL-12 7KSF-. ELISA 255401l 2B 7w, @i fik CD11b A28 7] i & 5 1L-12 A RE

TR BRI TR AE I TL-12 IREEHE 2 Ja i A 4 h IR FII(E.

H
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N S 2 127
° & & hat ok
S o° o° Z10r
= 5 osf
CDI11b Ee - 3 * E
!.A o | 2 06
8 04r
B-actin ---‘ 2 021
s 0 w
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B 00 .
[ ¥
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& 70F
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A.J CD11b shRNA FiI Nep shRNA B FR Bk 43 355 Jt RAW264.7 411 48 h, S B2 ENE A CD11b 19363k (Z2/81). B.LPS(0.5
e/ mL) JEANA (AR 3N A Hr 4 ) AR R R R CAnEDR ) JE W BT ELISA 3R 1L-12 7K. n=3, * p<0.5, ** p<0.01
A.RAW264.7 cells were transiently transfected with CD11b shRNA or negative control shRNA. After 48 h of transfection, the expression of

CD11b was determined by Western blot(left graph)and subsequent densitometric analysis( right graph). B.RAW264.7 cells( pretreated as in A)

were incubated with LPS(0.5 pwg/mL) for the indicated period of time,and the level of IL-12 in the culture medium was measured by ELISA. Data

shown are representative results of triplicate experiments. * p<0.5, ** p<0.01

B2 &K CD11b BEIEAN LPS HIAY) B4R Al IL-12 BIRE A

Fig.2 CD11b knockdown increase the release of IL-12 in LPS-stimulated macrophages

2.3 BY{K CD11b &0 LPS R E 40 AE IL-12 3R KFERIE

9 THFSE CD11b XF LPS BT B M4 1L-12 F6k 89520, FFH RT-qPCR K& 11-12p35 F1 1L-12p40
BesgoKoF-Fak. G5 aNEL 3 R, mifik CD11b AR A, Bl & HVE ST ] B E 4K TL-12p35 1 1L-12p40 [ mRNA
SR B A5 6. LPS B4 3 h B, CD11b shRNA 4 TL-12p35 #557/K At BRZH B I 5 435, TL-12p40 %5 557K

*

AT g BT
€ °[0ONepshRNA | € 5|0 Nep shRNA
2 |OCDI11b shRNA 2 ~|0OCDI1bshRNA
ZEN 2 4t
8 i3
E E L
S 47 <’
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a 2 ’—x-lE T g 1—|—|—| E|
o o
(o] | (o]
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= 0h 2h 3h  4h 5h = 0Oh 2h
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Il

JH CD11b shRNA Fl Nep shRNA [ %] B8 BRL 43 565 2 RAW264.7 2 48 h, LPS(0.5 we/mL) 43 T 200 A [5] b 1) ( PRI ), S
FE A PCR A TL-12p35( A) AT TL-12p40( B) mRNA FYZEIE , LA B-actin HNZ. n=3, * p<0.5, #* p<0.01
RAW264.7 cells were transiently transfected with CD11b shRNA or negative control shRNA. After 48 h of transfection, cells were incubated with
LPS(0.5 pg/mL) for the indicated period of time. The level of IL-12p35 and IL-12p40 mRNA were measured by real-time PCR, B-actin served as

inner control. Data shown are representative results of triplicate experiments. * p<0.5, ** p<0.01

B3 & CD11b RiA{R# LPS R EEMA s IL-12 HRKFRIE

Fig. 3 CD11b knockdown promoted transcriptional expression of IL-12 in LPS-stimulated macrophages
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SO RRZ AN 2 4% @R CD11b BYZIka] a1 hn LPS Jals N B i IL-12 54 5K r9 3k,
2.4 T#i CD11b 558 LPS RIFE A IL-12 ZRKFEMFRIE

JH Nep shRNA JBURLHI CD11b shRNA Bk o3 5il5% e 40U fS , LPS (0.5 wg/mL) HECAS ] R 8], e 5 40
SR, R S BN B RS I TL-12p35 F1 IL-12p40 55 [ 7K V10 28 Ak 45 0. 45 540 1&l 4 FT 7, CD11b
shRNA 4 IL-12p35 il IL-12p40 A8 FI7KT- A2 (a3 5 mRNA 7K 28 f S AH 2, 58 BT TR
. 76 LPS H1 3 h i, CD11b shRNA 2H TL-12p35 5 /K 3k B AE | B 25 5 T X B4

A
Nep shRNA CD11b shRNA
LPS/(0.5 ug/mL)  0h 2h  3h 4h  5h 0h 2h  3h 4h  5h
IL—12p35‘ — — e — ‘ \ - - -
IL-12p40‘ Rl - | L p——— -
] I
f-actin | ce— S —— }—--.- ‘
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£ 35 [0 Nep shRNA : £ 2371 [0 Nep shRNA

2 30-0OCDIbshRNA | £ 5.0 CDI1b shRNA

5 25|
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[5a) <t

éh 15+ §* 1.0F

5 10F 0

5 05h > 05F

g 0 =
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A.CD11b shRNA 7l Nep shRNA B TR 43 51155 5% RAW264.7 21 [l 48 h,LPS(0.5 peg/mL) 4- 5401 (0.2.3.4.5)h J& , Sz B
SR 1L-12p35 il IL-12p40 (97 13635, B.C,1L-12p35 Fl IL-12p40 5 [ FB MK EZ 3. n=3, * p<0.5
A.RAW264.7 cells were transiently transfected with CD11b shRNA or negative control shRNA for 48 h. After 48 h of transfection, cells were
incubated with LPS(0.5 wg/mL)for the indicated period of time. The intracellular expression of IL-12p35 and IL-12p40 protein was examined by
Western blot. B, C, Densitometric analysis of results from A. Data shown are representative results of triplicate experiments. * p<0.5
E 4 Fi{E CD11b FRik#E5E LPS R MERMM D IL-12 EAKRIE
Fig.4 CD11b knockdown enhanced protein expression of IL-12 in LPS-stimulated macrophages
2.5 F#t CD11b Xf LPS #I#E A MAPKs 71 NF-«B 15 S 18 2% £ £ 0i

MAPKs Fl NF-«B 7£ J [K 3¢ 18 I8 45 F1 4 0E & 2E & R o B2 v 43 OGS AR . 38 2o 4 88 B b 57 R %o
MAPKs Fl NF-xB {553 i S HG PR 374007, 5635 CD11b 384 LPS BT B Wi ™= A& 1L-12 15
THUHL. Sk LPS flis T, %40 i JNK  ERK F1 p38 3 Fl' MAPKs BB 1k 9/E R, LPS #il 3 51
JNK . ERK F1 p38 (R LI 7E LPS H3 30 min B K 21 5y 06, Bl 5 6 I AL 7 B S Wi 55 . 45 R R 3, LPS
HY CD11b shRNA ZH v INK A9 B2 A 7% 5 B S 32 B0 H1 55, 5 0 BRAAH L, INK 9 i 2 Ak 7K - 080 24
60%. {HXF ERK F1 p38 BYBERR b /K F-JCH 52 me (& SA F15B).

NF-kB 75 4 35 p65 Hl p50 B KT il 57 05— R4, 8 3 K6 0 TKKs | IxBo R R AL 35 1k 31 1 e
NF-«B 3#@ fH) i AL, LPS ¥ IKKo/ B IxBar FBERR AL ELZER 30 min IWERRALAORE B BN, 45 2R &
P, 5% FRLAH L, LPS Bl A9 CD11b shRNA 417 TKKo/B RO BR TR 52 B I 55. LPS #% TKKa/B .
IkBa HIBERR AL AR IkBo 76 1 AR AR , AT 5:30 NF-xB B35 Ak, #fi CD11b A 35 1] i3 2155 NF-B 1
TEA(E 5C F15D). 7E LPS FIRSA E W4, T-48 CD11b FIRREAEINH] INK T NF-kB {550 2% 1 iE 1k

3 Wig

N BE ZE AR e S 25 A O Tl W el R R 5 | i — B 4 B RE I WV 22 B AIE. 7E N B B AR e &
KRR HUATEEHLE A RS S ESE BN R IL-12 7E N RR T kA R # v k4%
HHZNEN. Heike SFEZLAN 1113 H1THALIE R TAEE B FME I 1L-12 7K, & BURHT IL-12>140 ng/mL
Y 443 9|5 JCAE T, 1M IL-12< 140 ng/mL 19 670 B84 FFETS 16 6, 45 R R BE LT 5508 1+
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&

_acti 0
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Lane 1 2 3 4
A,C.HH CD11b shRNA F1 Nep shRNA [ 1% HR JFORL 43 51154 Jk RAW264.7 ZAfif 48 h, 1 LPS(0.5 wg/mL) 43 5 B4 40 M 30 min. 5y B[
TR MAPKs 1 NF-kB {5 53 B ARJC S 1. B, D 435 %F A F1 C 28R IR BE 41T, n=3, * p<0.5
A,C.RAW264.7 cells were transiently transfected with CD11b shRNA or negative control shRNA for 48 h. After 48 h of transfection , cells
were incubated with LPS(0.5 pg/mL) for 30 min. Key signaling molecules of MAPKs and NF-kB pathways were examined by Western blot. B,

D.Densitometric analysis of results from A and C. Data shown are representative results of triplicate experiments. * p<0.5
B 5 F#t CD11b Fix#lH LPS ®I# A JNK 71 NF-«B {5 SBHAFEWL
Fig.5 CD11b knockdown inhibited activation of JNK and NF-kB signaling pathways in LPS-stimulated macrophages

IL-12 AY7KARE ) R PR — RS oT & B0, B d0i 5 Th 4™ A /) TL-2 TNF-o A% T Th2 40 7= A=
IL-4 1L-10 FYBESIREAG, 3X 5 TL-12 WA 6™ 78 N8R R MURE /D R 2% B LPS 800 I 11-12 7K
SEREAR, T CD11b A1 FIRERT IR PE S & 4. A RNA TH0F-BL, mifik CD11b A9 5 M A4 & LPS Hi%
T RAW264.7 4ifflrfr 1L-12p35 IL-12p40 BY%% SEoK-FFE FHKF 2GR, 45 R UL CD11b e ¥ LPS il
PO B VRN SRR TL-12 [ R rp 4 i A o

VI 22 S E I ESIE 200 L R~ S flk 2 (%) & R s oy #1538 38 55 240 B 5 TR 2 AR 485 5 1) B PN A% 356 45 5 TG
MAPKs {5538 [ , 7 1B IR A 05 A0 AH DG i S R 1, 3 sl 2 Fh e RE 1 £ 1R () %235, MAPKs il NF-«B
T T AT SN A P 4% TS SR SR A ) K NF-kB Fl MAPKs 15 570 TIG AR 1k, 45 R %
B, 7E LPS HE A B R4, T4 CD11b (YRR INK F NF-kB 5538 B #7516, M%) p38 (ERK &
3 R MR AL

Rt AAHE 5 I CD11b 3@ JNK F1 NF-kB {5530 B0 LPS BT B 40 A 1L-12 /9774 3
CD11b [T HE AT REA B THISS LPS SIS A RAE SN T fff 9 5E A B AE R B R 4a BILTH] , A etk oy 5 AR o
HNRST T AR AL 18T A BRI LA
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