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i ZE:HM X &4568E 5 1 (X-box binding protein 1, XBPL) ZE{IGik B Bz Jox i %t /N BRI s 2 0 4t it ey Dy fié
WEREA . ik st AR BRI CSTBL/6 /N R s B A0, i FH XBP1-RNAG 12355 5 o [ P % I8 995 5
TR /N BB P B, SR FH 26 0 8 B DR Bk sk o, JRR e 3.5 d i AR L I A0 L B IR, RNA | B2 A RT-PCR K/ B
J6 R LAY XBP1 mRNA ik AT Pk . XBPL-RNAI 18955 B sl [ 1 % A0 2 ek g 8 PR 3 35 19 /) UM s B s 2
M3 d 5, PR AR K BTl (50 ng/ml) Kb BN BRI R BG4I 1 b, 4351 i ELISA v R 3o 36 58 £ 10 BB A /D B
J I B A e 35 35 L e TNF-o A2 R AR R REAR T . &53  24 52 B YL 48 44 (multiplicity of infection, MOI) {H =6 Hf,
XBPI-RNAi 255 5 B8 A 3 bR /N BRUIE i B AR, BRI > 75% o i RT-PCR il & 3 XBP1-RNAiL G845 24 H 41 i
JINERIE I B W2 Aty XBP1 LR 3k . 3l ad BEFEPE B UTT R XBP1 [R5k , IR VR B2 J2 i (50 ng/ml) i B 105 441 A 7 1k )
SRR A VR RS2 209 B AN ) TR RN AR R B B R R (P <0.01) T ELXT TNF-o 3306 3458 119 1 F R 32 B4 il
BEMT AT BISRELAL(P <0.01), 8518 KA RNA T4 e 8k Mt Bk XBPL, BEA R 1 i 5 vk 8 2 o 1 %of 15 e
20 A7 A TNF-o A= 385 VR A o
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Role of XBP1 in immune function regulation of macrophage by low concentration of cor-

ticosterone

ZHONG He-jiang, ZHOU Jian-yun, JIANG Jian-xin, WANG Hai-yan, YANG Ce, YAN Jun, LIU Qing, CHENG Ying
(State Key Laboratory of Trauma, Burns and Combined Injury, Department 4, Institute of Surgery Research, Daping Hospital, Third Milita-
ry Medical University, Chongqing 400042, China)

Abstract. Objective To explore the role of X-box binding protein 1 (XBP1) in immune function regula-
tion of macrophage by low conceatration of corticosterone. Methods  Peritoneal macrophages were isolated
from adult male C57BL/6 mice, and then infected with XBP1-RNAi lentivirus or negative control lentivirus.
The infection efficiency was observed by fluorescence microscopy. Mice peritoneal macrophages were collected
in 3 and 5 d after infection and total RNA were extracted. RT-PCR analysis was performed to detect the effect of
RNA interference. Furthermore, mice peritoneal macrophages were cultured in vitro and infected with XBP1-
RNAI lentivirus or negative control lentivirus for 3 d, and then treated with low concentration of corticosterone
(50 ng/ml) for 1 h. TNF-a concentration in the cell culture supernatant and phagocytosis of macrophages were
determined by enzyme-linked immunosorbent assay ( ELISA ) and confocal microscopy, respectively.
Results When the multiplicity of infection (MOI) was more than 6, the infection efficiency of XBP1-RNAi
lentivirus was above 75% after infection 4 d. RT-PCR analysis confirmed that XBP1-RNAI lentivirus effectively
inhibited the expression of XBP1 mRNA in mice peritoneal macrophages. Furthermore, after selectively silen-
cing of the XBP1 gene, the enhancement of macrophage phagocytosis by low concentration of corticosterone was

efficiently inhibited, phagocytic rate and phagocytic index of mice peritoneal macrophages were decreased
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markedly compared with that of negative control lentivirus group (P <0.01). Meanwhile, the enhancement of

TNF-a production by low concentration of corticosterone was also depressed, the concentration of TNF-o in the

cell culture supernatant was significantly declined in XBP-RNAI lentivirus group, compared with the negative con-

trol lentivirus group (P <0.01). Conclusion Selective silencing of XBP1 by RNA interference may effectively

inhibit the enhancement of macrophage phagocytosis and TNF-a production by low concentration of corticosterone.
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W e B R 2 N Fe k-T2 -1 [ IR (hypothalamic-
pituitary-adrenal , HPA ) fli i) 3= 20N R, FEHLAA R K
JRE R TR o KLU, B R BRI R AR —
PG ERN I, — BRI X G e e RA T HIEH
SR, I AF RO A B, W R B 3R X e RGe ml 77 Ak
5 ORI S AR T . 7F LPS
TR ANEAG LT, AR B W Kz o0 2 % B v 240 i
77 A G 98 ORI, T e e JRE D) 5 A A g 4 o AR
RV WRSERI TR G R A T AR R
fiil (50 ng/ml) R B I 1 55 |55 e 40 i 4 38 T BB, 72 A f
TERIPAER SR, HorTHLH H AT ARG

KEWTFRFRD, 95N 3 (endoplasmic reticulum
stress, ERS) 5 20 {fd %2 5 [ B FF 7E — € 09 N 78 BR
ZUM P A BRI 2L TS BN BRI A R A
SEASERTE RO ER, AL ERS, ERS A
16 A8 5% M S (unfolded protein response, UPR)
R E AITE e RIS E N S RIS R N
RS IR B B SR AR R A B N AR S A —E 4
PP YER . X &45 5 1 (X-box binding protein 1,
XBP1) 2Mi L sh ¥y 4 il UPR {55 0 [t o B 1 7%
TN Tz R PR T AR A R A
SRR R FE IR X 4R M T AR S B T A
PR R ST S B vk B R R (50 ng/
ml) AJ3%5- S /)N U P B g 20 i A 24E ERS, S BCE A 5
UG PR BT 3 XBP1 (spliced XBP1, XBP1-S) & H £
WIS WS F IR N T XBPL 5 40 4
PEVIRESCHR LI o SR XBPL 275 2 5 I Mk J¥
JE A (50 ng/ml) X 5 g 240 i G 5 VR L H A A
BIRf . DRLE, AR SR AE A TR 2/ BRL XBPT JE R RNA
F4i (RNA interference , RNAi) 1855 25 0y 3L mt -7 5@
SRR TR /N BUME i B AT XBP1 3R 3R Gk,
PRI XBP1 ZEATRVR B Rz Joa i %o 5 00 240 e 4 28 ) g o 45
VER .
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1.1 ##

AR A CSTBL/6 /N, IR iR 20 ~25 ¢, [ 45 =
PR KR IT R g B S AR 5T BTS2 56 s vh ol o SEH AR
£, [ K. RPMI 1640 353220 [ HyClone 2 & (USA) |, i3

B 1175 (fetal bovine serum, FBS) W4 [ ¥ A= 4, Bz Ji lil ( corti-
costerone) Il [ Sigma /A &) (USA) , /N, XBP1 B-actin & [H 514
i LA T4 1, Tripure 1)) H Roche 23] (USA) , ReverTra Ace
Wik SERE I B TOYOBO 28 &) ( HA%),2 x Tag MasterMix I
E. coli B121 (DE3) B2 5400y T TIANGEN A &) (d650) , /h
F TNF-o ELISA #5035 &0 A & S 284 TR A BR2Y m (I
), pET 16Rmye Bk ph 55 =22 B2 K2 4 ZE G R i 52 i 7 B
£ € a-- Y IR (13 Wil B3 S vl B A s T2 98

1.2 7

L2.1 /NRUEEE AU E S8R A e/, K
SIENIECE ,75% WK IH 3B A, 5 ~ 10 ml $1#2 D-Hanks
W A/NBIE I IR BERE RS 1 ~2 min, Y% IF & 87T IE RE,
A A WA ML e Y DT T 5 A L L 1000 v/ min #5405 5 min,
RPMI 1640 52 4> 1 5 3£ (4 10% FBS, 100 U/ml 75 % 2 Al
100 pg/ml FE8E 2R ) BN, K A HRD T 6 FLANAE S TR A
37 C 5% CO,ANMIIEFRAE N HF% 2 h, 2 13E, HI B PBS
TRUEVR AL 2 Uk, DU B 40 1 B0 o I s L W 24 i, B LA 2 ml
RPMI 1640 58 &35 IR 5L R 4R 2L G R 2

1.2.2 18y NEUE IR E AN AT 1 d, KN
i i L W 4T M 2 b T 96 ALAR L BE IR, 5 x 10° /4L, R AL n 8%
FrEE 100 wl,37 C 5% CO, 41 M 3G T4/ A B Fed 7, L AT
AN, AT SR 70l AR 4 52 R 46 8 (multiplicity
of infection, MOI) (0 ~12) , 735N AAH R 5 1) P2 0 7 o [
12 h J5 S MLIRAS - An R TR A WY W A 4t 3 v D, Ak
77 24 h JF S IR AR W R A A I A AR, B R R
Figedk, Bk 4 d JRTESOC BT N LSS HG B HE R GFP
FIBNE DL, LU E B 454

1.2.3  RT-PCR ¥/ U = B 040 g XBP1 mRNA ik

H /N U e 2 M BE LR 05 40 3 A (DX B2 15 97 A
AR5 s QB MXT RIS #E 4L A MOT (B 6 1 B X iR
P2 BB/ N B 5 B 1 200 i s @ XBP1-RNAL 12K F2 41 : I A
MOT {2} 6 ) XBP1-RNA 125 7 B/ BRUE IE LR 4R . 7
PRI 3 .5 d J5 , o BRI E W 4N il & RNA 32 F§ RT-PCR
D5 BN B LW 40 L XBPT mRNA ik 1530, XBP1 K
I FE51 %) .5 -AAACAGAGTAGCAGCGCAGACTGC-3", T 5|
] :5'-GGATCTCATAAACTAGAGGCTTGGTG-3" , I 18 7= 1) /)
601 bp, N B-actin B K I # 5] 49: 5'-TGATGGTGG-
GAATGGGTCAGAA-3', N iiF51#) 8 5'-CCAAGAAGGAAGGCTG-
GAAAAG-3' I 147 W) R/ Ny 675 bpo §7 17 HI L 1% BrfEHE
BERZHEAT LUK, IR L BE (EB) 0.5 pg/ml Qe BRI A R
4 VersaDoc 3000 Y ( Bio-Rad, USA) 5%, i Al Quantity One
(Bio-Rad, version 4.4.0) #5447 My A7 40 Hrab 22, B Y
HEPHFGR BB WO (A) . x AL (Int x mm?) 7R, JF



1966 o= K OB R ¥ ¥ 5§31 %
NS IR B-actin VX6 BE (AR L3R5 4 20 XBP1 mRNA A 100 - .
o Feik it a0 e
1.2.4  pET 16Rmyc FURL/E KB T i b 1935 5 R 1Kk 5114 S o 4
FIK UKL pET 16Rmyc e AL 852 25 K AT 1 E. coli BL21
(DE3) , se R i , Pkt & 38 FORL Y e b, 37 CHE FRid i, 40 o
HC100 wl #280 T 10 ml LB 532 3,37 CHiF 4 ~6 h )5 20 S
(Agonm =0.4 -0.6) JC 1 ml B JFUCH B P10 5 423K e
NS BE, AR TR R OIS P SRR AR U (IPTG) B2k 0 1 3MOI 6 9 12

BE R 1 mmol/1.,26 C %5512 h,4 CHE 24 h, BT ml HRIFIK
SRR, WCRTEET S BB S, N T 8k L 7RO
BB T ME R R R B OTOEEANNR, BUETE
BRAAS DO R B AR B VR W TR VR B, 20 IR AR T & R Pk
LB [ fAiEFR5E, 8 F 37 CWAfAE RS 10 R I 15
FW AN R EE
1.2.5 EMEANRALEDIRERI KN BUS IS B AR 5 R
3L A BTIER 1.2, 3 1895 7 B 4 /)N BRUIE s 5 s 440
YRLLIESE 3 d 5, AR MO, 1) B /N BRUTE S I I L 5% 3R A R
HOInAZEHR BE S 50 ng/ml K BT , I B T 37 °C 5% CO, 4tijil
FEFFNIRELIEFE | h R AR 37 1 T TNF-o 3R B2 S
W, FATE PBS M 42 Ve e A i 2 Ik, SR 5 B AL i A
0.5 ml RPMI 1640 5428535 3 U K 50 pl 40T %4 2 x 10°/ml
RIRAATNEANKIAFFE, &EF 37 C.5% CO,#jfidE57
FEPIAE 30 min J5, 3 _13E, LATRIE PBS VR E4NE 5 X,
4% Z PR E 5, DL K 488 nm A6 I K 568 nm
TPHOCIE IR AR WA VLS I BE A, B FLIREALEL 5 LB . 4L
A LTG5 11 L W 200 B e 10 Ry A I T I D 1 20 B
20 ¥ Wik ) B8 LA A Wik 4 2K ( phagoeytic index, PI) FI 75 I 2%
(phagocytic rate, PR) 7R, FFWEAR = T WK G AT 1 (1) E 240
&5/ 5 0 240 B S B x 100% 5 A i 44 = B W 40 i 75 05 1) K
FF DA BB 73 W R T T 1 7 L e At i
1.2.6 4435 11 TNF-o BERI 4218 ELISA #:0
B G AR AR ULE, AR 100l , G0 1 o 2 S e /) U
EWEAAE 3 d J5, TRLAZKREE SN 50 ng/ml K2 JTERALEE 1 h 0 244
Mk 3 3 TNF-o BRI,
1.3 “%itsam

SR FH SPSS 13. 0 Geit- 44 % B4 #E 47 73 A b 38, BT A i dla
PLx +s R, A E) LA R RO AT ¢ A 56 50 o 22 57 1) S 28k
JH OriginPro 7.5 2 4-4EK

2 HR

2.1 RBeFesk AR

XBP1-RNAi 185 22BN FUE s B4 i 4 d )5, i F 7%
8 f BT LR 18 HE 1 R ) GFP 63k 1%t , /2 B MOI A 77
0 ~ 12 L P, b MOI {f 46 &, XBP1-RNAi 1835 75 % /N U
i s 200 B 1 R e R R B A5 T v, v MOL B =6 1, 1895
BRI 75% 5 I B A 1895 BRI e 41 4 i AR ROIRAS
BT, 255455 MOL{H =6 BF, XBP1-RNAi 189525 X1 /s BUIE i
5 200 ) B R 34 ] S SR, I EL G A0 i A IR A
TR (1),

B 1 XBP1-RNAi 1845251/ R RS B 1 A AR Bp 0 %
2.2 B R g AR E % 29 i, XBP1 mRNA
A 0 %R

XBP1-RNAG 1855 75 K [ 14 e A A% o5 75 8 g /) B I 5 e
4 3.5 d J5 B0 RT-PCR K il & B XBP1-RNAi 18 i 2 J
/N B E A 3 d S, 550 BRI T o R A s B AL A I
Fi G200 s XBP1 mRNA 363K 7K F- 35 MR I (P < 0. 01) , 3 HLix
PRI ATHEEEERNEE 5 d ([ 2.3) . %W XBP1-RNAi 1855
B 3.5 d 5, BN XBPL mRNA 32357k -9 B &
275 XBP1-RNAQ 15 55 25 At A 20 Hb 0 2K /0 BUIE I 155 0 41 g
XBP1 JE[H ik,
0.7
0.6+ . T =
0.5+
0.4
0.3+
0.2
0.1=

ab ab

XBP1/B-actin mRNA

T
XBP1-RNAi
a: P<0.01, 5aFmaibsi;h: P<0.01, 5 KRR F 4k
2 XBP1-RNAi EfF F B L3 ERE M XBP1 mRNA
RIZHIFM (n=4, xxs)

M 1 2 3 4 5 6 7 8 9 10

2 000 bp—

000 bp—
750 bp—

500 bp—

—_

250 bp—

100 bp—

M: #7431 2.6.7: s 8B40;3.8: MK BERHELH;4.9: XBPI-
RNAi 283 d; 5.10: XBPI-RNAi 285 d, 3 1 ~5 4 B-actin,6 ~
10 4 XBP1

E 3 XBP1-RNAi {8755 B /5 E M4 XBP1 mRNA FRiATE L

2.3 pET 16Rmyc £ X AT H F 49 F Rk

Ik TR pET 16Rmye fr 8. v [ 20 1 26 5 N L ARk 5L
BEF(IPTG) 26 C iS4 97 24 h J5 , A HR AT U0 741 9 252 W 4 41
0, FESE AR ST WL BH S 21 68 5 o, U6 B R AT 1 g
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A3 PEZA 5B Bk 5 BE % 5% A4 ; C: XBPL-RNAI 12 5% #-28
B4 ot RAERRMEYER XBP1-RNAI 1845 & 8RR/ R R B2 B 1 41 i & L Th B2 0 #50

IR DO T, 280 TR BEUR AT T4, 0 20 Tk R
2 x10%/ml,
2.4 B0 brE fe e T

XBP1-RNAi 875 8B e/ U s BG4 3 d 5, i g
IR AR 1 fUBE W SEIHk E H2 B (50 mg/ml ) X XBP1 e A {70
BRUG B M A T RE S Ak & I XBP1-RNAI 18 5 7 Jk
Ji 70N BRUNE 1 15 I 40 P 7 M T 8 PO S AV~ 5% OB 2 R 9] 4 %o R
P B R 2, FR IRy L A R XS R T T A ) 7 I SR RN
B A TRE(P <0.01) (B B2 5 B2 21 5 % IR 21 2 [|]
AHZEAR D (R 1K 4), BT WL XBP1 AT REZEA AR MR B A2
JoT % L W A B A D e R sl — VR .

%1 XBP1-RNAi (255 B3t/ RIS IS B i 40 b F 5 )

BEROBM (n=4,%+5)

215 FWER(% ) TR R
ROl 67 3.9 2.18 0. 14
B A A g5 2 4 71 +4 2.09 +0.17
XBP1-RNAi 124574 56 £3.70 1.42 £0. 13

a: P<0.01, S5m0 ;b: P<0.01, 5 [ Mt R8I kA 20 b3k

2.5 EvEmiesy sk TNF-a ¢ T 4L

XBP1-RNA 155 7 5 5 14 005 8 18 5 28 SR e /N SR e
A 3 d U5, AR D 50 ng/ml B2 it b 2/ U I 15 1 20
J 1 b, N ELISA J7 346 I 240 Mo 4 57 b vh TNF-o B2, A 30
7 XBP1-RNAi 1835 #8441 ,50 ng/ml B J5i i R BE 5 5 I
20 M 43 15 TNF-o 38 1, 55 B 1 ok RN o 2 20 A0 L B 2 T
(P <0.01) ,{H I Xo5 HE 1 o 25 4 R0 B 2 22 B) A 25 A J 35
(#2) o 475 XBP1 JEPIIURR BEAN il IRk 52 Bz Joe i o 1 e 24
XU RERE SR RO

%2 XBP1-RNAi 184% & B x4/ R B Bx B 6 20 A 55 i
TNF-o 50 (n=4, x )

415 TNF-a ¥ (pg/ml)
X RE2H 162.2 +10.6
St et A R AL 156.5 +0.8

XBP1-RNAi 1855 8¢ 41 145.9 £7.42

a: P<0.01, X5 Pkt 802 g% A 28 48 b

3 g

VA B P T A LA A0 L 53 D P A R 1 A )
GRS B RE BEEAEM, dRAE K e SOR
SR A SA P AN () A P b 38 o o ot X 47 & 2R 1 fss . 4
L ELA e oA 5 D 4 2 2R LA BE T, AR AE R R R
AR LR R 2, Rt sE R W] UPR 78 it #2 v
EEERER . UPR & —ME 210 215 5 58
B, LR AN SR« B OS2 AR PR JB PR
(protein kinase receptor-like ER kinase, PERK) | I 7%
o5 RF 6 (activating transcription factor 6, ATF6) Fl
WIEETR 2R 1 (inositol-requiring enzyme 1, IRE1) , 4
AALAE THERBCR AR B X 28 8 1 5 N B I A 1R AR
iz pE T E B 78 ( glucose-regulated protein 78,
GRP78) B#% 45 &, BARTE LIRS 240l & 4= ERS
IF, AT & GRP78 X $L4K 114325, T iR 3l UPR, i
6 FWHE T SRR, RF AL PR . TRED & —
Tl 25 DA JoiE P B 14 22/ 95 2 IR 52 VA 2 1L e , LA A TR Y
DIl 15 vk, 5 GRP78 43 i J5 s B TG , i XBP1 1y
mRNA A4 594, Bk —1> 26 bp (YN & T84, 74
BYHEAY mRNA (XBP1-S mRNA) , 3 & A B HERS A
B W EL A B SR 0 MR Y XBP1-S FE . XBP1-S /]
SREHE N A 3h 7 X AR A & 8 RO It A4 (unfolded
protein response element, UPRE) 454, it i #1935t [K 5%
sk, BL4E HSPA0 S8 0% (N 5t I 4 F 48 . XBPL B & I
P JBT O A DGR e 26 43 55 o

XBP1 & HA7 73 WA ) fie i 48 B e 20 55 199, 40 2% 48
JL S0 R 2R LA 7 XBPL™, 5340 XBPL L5 5
153 DA 248 L L i R e A R Y 248 LR 240 L) 14
AR o FR T I A R R S I S R A
RBP4 K I 2 PR A B, 40U XBP1 7] BB 7E I 45 B
A SRR DI RE )T T EAA BRI, AR SL g 1 e
i 1 XBP1-RNAi 55 82 8L /N BRI i 5 248 i, e Jak
Ye3.5 d J5, i RT-PCR A5 A B fig B I 410l /)N B
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JI5 12 5 W 4 e XBP1 mRNA ik, #&/8 XBPI-RNAi
255 B BE A RCHLITER /N BRI s 20 i XBP1 S (R 3%
K, X A AFSE XBP1 FE PR 7E 7 5 5 05 40 i 6 2 T g
HVEHZEE T R4

FTHANIT 5 2 BRIk B iz S5 I o] B 8 145 5 I 4
TEWEINRES 0 T HE— 2 B H XBPL J& 4 SR ue ¥
B SBTERDG ELE 40 B A e T fig 1 /R, FR AR XBPL-
RNAi 1255 8 2 ge /N BRUE I B A, 3 d s o 0
LA W AT WS AR MR i Bz BB (50 ng/ml) X XBP1
FE PR U0 R 5 L AN M A I T BB R S, 45 Rk BR
XBP1-RNAi &5 85 8 4 5 /)N FRUIE I 15 10 440 oG 1) A e
Ty G IH S AT X6) HE 2H R B P o e b o 2 R e L, i I
P BR NS B 2H 5 0T A2 Z [ A 22 A8 B 3, R, $R
XBP1 A] BEFEA SRR B e Joa i 0T 5 1 240 Wk 1) g
s —EEH .

4 J A 4306 D R B T P9 5T I 4 & B HT B AR
ZRKByRE 7, W5 P 5T I Rs A RAE OC, DA #E P9 JT
A - 2 R LA I 28 X6 o3 A B 11 ) ds . DA BIF 9 2 B
B SR XBP1 n] 9 JE 26 it ) 4 T PR SR R &
K, IR N R AP A . Lee %10 & B XBPL J2:
A3 A L A W A BT A T 4, XBPT 35 DT B /)N B
FRIN R 53 UA B ST, L0 R R e R R R 7 4 Y PN ST
MEBAR,IHH NS> FEERETIE WG
JER AR BRI 20 i A A= B R T 0 TNF-o0 2 W4T I 433
) —FhE BB R -, FEAILAAR S i S g AT o
BIVER . BiBARFSE & B0 50 ng/ml Jz J55 i A & A2 1
L2 235 TNF-o'®) o ZEASHFSE o & BLRE A XBP1-
RNAG 1239 7 B /N BUIE i 5 0 200 il , XBP1 35t R 3 5k
KRS 50 ng/ml e J5 R A BN BE A 1E W
Y 53 TNF-o B8, #2278 XBP1 1] REAE A A &
R R %o I 200 R %) 3 b T R A ik v B EE AR

B ARG R F XBPL-RNAG 18 95 75 178 2614 M 1T
BR/INERUIE B LW A0 L XBPL JE Y, 25 5 % 3 XBP1 JE [
TUBR G IR B2 ¢ BT (50 ng/ml) ANRETE T B W 40 i 75
WD BEHE R FI TNF-o A= BB 0. PR EE7 XBP1 1] R
TEAVRVAR B Bz T T %o 15 W 240 L 4 2 T e i 4 v e B AR
o
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