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The effect of IRE1-XBP1 pathway on regulation of polarization in activated Kupffer cells”
Hu Daren' ,Cheng Li' ,Liu Yan',Liu Yiming® ,Li Jinzheng® ,Gong Jianping® ,Gou Jianlin'®
(1. Department of Hepatobiliary Surgery .Chongqing Three Gorges Central Hospital sWanzhou ,Chongging 404000, China;
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[Abstract] Objective To isolate and culture rats liver KCS,and to explore the effect of IRE1-XBP1 pathway on regulation of
polarization in activated Kupffer cells(KCs). Methods (1)Rat KCs were isolated by [V type collagenase digestion and gradient cen-
trifugation methods. (2) KCs were transfected and randomly divided into four groups: XBP1-shRNA group, Ctrl-shRNA group,
AdV-XBP1 group and Ctrl-FAdV group. (3) The transfection level of KCs XBP1,IL-6,IFN-y, TNF-q and IL.-17 were detected by
RT-PCR;the protein expression level of JAK1,JAK2,STATI1 and STAT3 were evaluated by Western blot. (4) The changes of KCs
expression type in each group were detected by flow cytometry (FCM) and the laser confocal. (5)T cells derived from rat spleen
cells were co-cultured within the 4 groups of KCs mentioned above; T cells proliferation was measured by Brdu labeling assay. (6)T
cells apoptosis was determined by Annexin V/PI FCM analysis. (7) The density of 1L.-6 ,IFN-y, TNF-¢,I.-17 and 1L-10 in the su-
pernatant of co culture was assessed by ELISA. Results (1) The mRNA and protein level of XBP1 were measured by RT-PCR and
western blot, those in XBP1-shRNA group were significantly reduced compared with those in the other three groups, while in AdV-
XBP1 groups,results demonstrated entirely the opposite tendency (P<C0. 05). (2) The expression of marker molecules on the sur-
face of KCs such as MHC ][ ,CD86 and CD40 in XBP1-shRNA group were significantly lower (P<Z0. 05), but CD204 and CD206
expression were much higher compared with the other three (P<C0. 05). However the expression tendency of these surface markers
were shown the opposite results in AdV-XBP1 group (P<C0. 05). (3) Western blot revealed the XBP1-shRNA could statistically
suppress the protein levels and phosphorylation of JAK1,JAK2,STAT1 and STAT3, which involved in the pro inflammatory cyto-
kines regulation and KCs polarization (P<C0. 05). But in AdV-XBP1 group, these protein and its phosphorylation were markedly
promoted (P<C0. 05). ELISA results collaborated with Western blot. (4)3 d after co cultured with KCs transfected with XBP1-shR-
NA, the levels of T lymphocyte proliferation and pro inflammatory cytokines secretion were significantly reduced, but the levels of T
lymphocyte apoptosis and anti inflammatory cytokines secretion were remarkably enhanced(P<0. 05). Conclusion Blockage of IRE1-XBP1
activation could alter the phenotype of active KCs to M2 like type and attenuated the capacity of antigen present of KCs, while up regulated
the expression of IRE1-XBP1 pathway could change the phenotype of KCs to M1 type plus the promotion of antigen present capacity.
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B RTIA R, Sk HE T SR & A 0 52 I 4R 4 1Y) 98 RE IR T
S R T & BUSE o 1 B B AN R S RE R R AR E
SRS ER A IUR 7PN P e o1 1] 7 A (B o | R A |
A B WA AR 2 B AR e K PR 8 2 A0 M R 0 Bk Al
(kupffer cells,KCs) . {ifi ft. J5 H. 7 B o] £ 1k S HEF &0 . . RE
VAR TR U R ST 32 43 28 38 0 AE L A ) G 8 B ) ) L R
#7 o AR EARALE AT AE . 22 ok LT U A2 A0 6 4 T
20k A RE RE 2 4 R S B & 2R . HOR N AT RE S 2 T
KCs i&fbJa M1/M2 P 835 #1 5% .

A3 % LA B 1-X & 3% 2 55 (1 1 (inositol requiring en-
zyme 1-X-box binding protein 1, IRE1-XBP1) jii f% i) #F 5% 3= 2
Ja R F dF 31 & & A )2 W Cunfolded protein response, UPR)
Ht BT SCERRGE L IRE1-XBP1 il g iE Pk A 2 5 73 B
I T 40 6 R 2 HR 0 i 45 e i 2 A B Th BB RS L B kA
M43 0 1 TR S 22 G B R AR R T i KCs A S AL B K
i B 41 i / APC #f . IRE1-XBP1 3 #% J8 48 KCs B/EH . i
KIWA R E . AR B4, IREL-XBP1 i #% 7] 8 78 7 %
KCs yfE & H 3 43 Wb 4t il B Pl 5 G B E . A sE v, 28
FHLLK BUFAE KCs S #0040 flg, 4 5 %% ¢ XBP1-shRNA J%
AdV-XBP1, WLEE I REMR P 09 028, DA K S 40 4R T ik B2 40 g
WnE A AL S DA 8 52 56 14 f B ) 6 3R B KCs it IREL-
XBP1 il #% VB T A 8 455 40 H 60 88 1 7T RE ML
1 #MREFE
1.1 MR @REEIERZR R 6~8 FR Lewis(RtlD) K. W T4t
SRS S AR R A, 3R T SPF R LR,
BT R SR, 12 h BRI, IE® UK, ARHT 8~12 h
B, FERG . IV AR B EE I F Santa Cruz 2 &) /N BT K
§l XBP1. MCH-TI . CD86.CD204. CD206. CD163 # & Iy [
Abcam 2 ] ; H Bt K B INKLJAKL,STAT3 #5i BEHL 1A 1 B
eBioscience 3 7 ; PrimeScript™®" reagent Kit i 7| & W T
Takara 23 &) 3 i B¢ 9 28 W B3 %E (ELISA) i #l & T Sigma
ANFEl. FTAREMSFEEERKF OB S5,

1.2 ik

1.2.1 VISRt RB PR MM THFR 5 ) 235 Bk &
oAt SUPF 31 %of B B 1) 38 58 p B g AR I R 5 A BR A+
R F R, k48 1A 4> B & pcDNA3. 1/Hygro-IRES2-EGFP
1 pcDNA6. 2™-GW/EmGFP., & B 4 B 3 18 OMEGA Ji i
TG ) B U B A3 AT, SR 20 UR 3 TRk B R 500 ng/pl. &
MEHE BT iA Lipofectamine2000 i B 5 48 2 E 47 i PN % e g/ .
1.2.2 KCs 43 B85 Lordl W Lewis REJFA L N AL
W HE A 0.1 %0 i TV 2 e JU e I Yol AR 9K T 4 200 H 41 i 6 4t
WIS R AR . 2 4 KOS E & /0 2 2040 09 JiF
JUE S5 BT A0 A B . R T 2 h g R G RE VL Al ik KCs, B
W53 d )5 B KCs FF 6 FLAR (1 X10° 4~/FL) , 2 BRI i 1k
Lipofectamine2000 i ] 5 8 ' 43 Il #% J XBP1-shRNA, AdV-
XBP1 S5t 08 Fiki . 434040 F - XBP1 i 8k 41 (XBP1-shRNA
20 BE Ry 3X10° TU/mL) 45 SCIF 51 kL 0 B8R % B4 (Curl-
shRNA 4, J# B & 3 X 10° TU/mL), AdV-XBP1 I 3= ik 41
(AdV-XBP1 21,3 B 3 X 10° TU/mL) , &% X JF 51| Ji ki i 32
KX A (Cal-AdV 4% 8 3X10° TU/mL),

1.2.3  SZAT2E 96 5E & PCR(RT-PCR) # il £ 41 *p XBP1.IL-
6 . IFN-y, TNF-¢ il IL-17 mRNA 357K F  $ Trizol {7 &
i B 45 $ L KCs M IE S 2140 RNALXBPL Ei51 4.5 -ATC
GTC GAC CCG GGA CTA CAG GAC CAA TA-3', Figa|
#.5-GCG CAA GCT TAT GTG ATG GTC AGG GAA
AGG-3";11-6 Ei#514:5-AGA TAA CAA GAA AGA CAA
AGC CAG AGT C-3', Fiffal 4.5 -GCA TTG GAA ATT
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GGG GTA GGA AG-3';IFN-y 8|4 .5 -ATG AAC GCT
ACA CAC TGC ATC-3', Fiiga|#1:5-TAG GCT TTC AAT
GAC TGT -3'; TNF-a L #7531 #:5-TCT ACT GAA CTT
CGG GGT GAT CG-3', Fiiisl 4.5 -CGT GGG CTA CAG
GCT TGT A-3";IL-17 E Wi 5l #:5-CTC AAC CGT TCC
ACG TCA CCC -3', Figa|#:5'-CCA GCT TTC CCT CCG
CAT-3"; %I/l SYBRPremix Ex Taq [ it %] & % RNA {3
B FEIRE ., RT-PCR 45 B R B 222 g Hr Rk 2N
MK ZS, AACt=(Ct BRI HE —Ct HRKILF) L5 4] —
(Ct HWERF —Ct R EFD XA, D ELBRMEL 3K,
1.2.4 2 A % 1k B (Western blot) £ 1l £ 44 KCs
XBP1.JAK STAT [ M FRE 4% AR (O 42 B 7 & 5l 8
R KCS FRAH M IE B A #E 17 & 52 5 BLAT Western
blot Ml , —HLWR R B 1 2 2005 ZHUWR E R BEAR 1 = 2 000
155 BioRad &S #K & A . Quantity One 43 #7. LI I 525
1.2.5 aAMARA N KCs R4y Tk WY 48 h
B4 KCs 4320 LPS 4b P R X 8 WA T4, AR [d] %€ 6 R
TR SR K B MHC- 11 . CD206 . CD204 , CD40 Fl B8 7 & 47 4
WOCIET 2 he FTIFHLE LR B TR, B HLE A S 90 4R
b MFRMETOC MR, L ES W ERRBRENT
3% .. WEE AN Pl BB ZZ vh I (PBS P 1 ¥k, 1 h Py 141
Rl A4 HL 1< 100 A48 i, FlowJo 2345 5. DL 1 52
W EE 3K,

1.2.6 T B4t RIaEml REWERA
(OVA) 2 FHsE 2 R IH Lewis BRI 21 20 i 7 I 40 i B, &
o JBE B 00 5 KT 6 VA L 40 M B . L e B A (Wako) it B 4
k. BEFRW I ALIE B 100 pmol/L () Brdu TAEW . ¥
5X10° A~ T 4iffide 5+ 1 tfil 5 Bk & 5 4o 9 KCs 76 6 fL 5
FEMH TR ARG FR 72 h, 4% B Brdu 550 080 A5 R 47 40 28,
Image-Pro Plus6. 0 % {414 B [7] 1) 21 3% 1 S 40 1 95 45 B8 - P
PR G —Ar i, BRPE R = BEPEAn i g/ #% i, #5X10° A~ T
Yt 5 1 BB S LiRK A KCs 78 96 fLAR IR A K5 5% 72 h,
FFLMA 1 pg/mL OVA 323-339, J 8 55 e 42 40 L VR » 385 00 O o
A Annexin V-FITC ¢ PI, [ ¥l # % I K 4 488 nm (& 56) il
630 nm(Z006) KM PE T, M BRI EL 3 K,

1.2.7 ELISA kil s 2435 9% FIE W #% ELISA i &
o 25 PRARAE A 4% 4 IFN-y, TNF-o IL-6 J% 1L-17 3
BES, D EIBRYEER 3K,

1.3 Sil2fab 3 R SPSS20. 0 SE i1 3K 144X i A 4 #6471
AR EA A BT R PR T s R JE I A 1 S0 A
AR IR . X IEA AT SRR T S B0R 30  l IE A 4 i 4K
P RIBR ARG 88 57 K256 DL P<<0.05 NZERGGIHE X,

2 & 7

2.1 4% KCs # XBP1 %% . F56 09454k #5448 h J5 . %¢
HBME TGO tER RERE, HERLAEAN
87% (&l 1A)., RT-PCR 4% /i : XBP1-shRNA 4] . Ctrl-shRNA
41 AdV-XBP1 41 % Ctrl-AdV 41 1 XBP1 mRNA 4 *%f % ik &
A3 0.584-0.07.8.8141.28.,48. 6545, 82 F110. 3141, 74
(B 1B), XBP1-shRNA 21 XBP1 [y %% 5K P4 3 44
12 Z B (P<<0. 05) , # 7~ XBP1-shRNA Jiiki A &9 il KCs
o XBP1 I Az # i 1Y 3R 35 KF s i A AdV-XBPL 41, XBP1
mRNA (55 5E G M H 4 3 4108 8 8 (P<C0.05), West-
ern blot £l % 41 KCs 1 XBP1 2 [ £ ik K ¥, HE5 R BoR .
XBP1-shRNA 4], Ctrl-shRNA £, AdV-XBP1 2 } Ctrl-AdV
2l XBP1 i 2 (A AH X R 3K K P40 5128 0. 1420, 04,0.49 &
0.01.,0.84+0.02.0.53£0. 07, Western blot 4§ 5 (| 1C) 5
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RT-PCR [#) & #H1 — 2.

2.2 IRE1-XBP1 i@ B %t KCs B4 1 5% mi

2.2.1 IRE1-XBP1 i # 7& # X KCs 3£ B 4> F 1 5%
MHC- Il .CD40,CD86 &£ g 4> T & & KCs it 5t &2 3 20 iy
EEB AR, LRGP T AR T s oc kg B 7, Hom R ak 4R
~ KCs 2 M1 B4k, i CD204 K CD206 NjJj& M2 %I KCs
MR SRS . FCM R : XBP1-shRNA 4 MHC-
11 (28.56=1.34) % .CD40(31. 755, 87) % F1 CD86(18. 24 =+
2.63) %4 Ctrl-shRNA 20 MHC-1[ (68. 74 4-12.56) % . CD40
(72.60+£12.45) % F1 CD86(57. 76 9. 74) % B i F i (P <<
0.05), 7 AdV-XBP1 4] 1, MHC-] (89. 46 £ 21.43)% .,
CD40(72. 6015, 74) % % CD86(86. 17424, 28) % ]} ik /K
5 Ctrl-AdV 41 (60, 39 18, 73) %, (49. 24+ 18. 45) % FlI
(59.13415.67) % #H F ) i 3% 34 m ( P<<0. 05), {H & CD204
Jo CD206 43 7 45 41 v Y 28 3 7K 7 W) 22 A0 52 #, CD204 il
CD206 # XBP1-shRNA 41 [y 3 i5 /K F 4 5l y (47. 22 £
9.84) % M (45. 67 = 11. 37) %, & AdV-XBP1 1 CD204

FTRES 2016456 A% 45 K% 174

(12.5443.41) % H1 CD206(12. 31£3. 34) B I & FF+(P<<
0.05), ILIE 2A,

2.2.2 IREI-XBP1 il & %f KCs H 4% W 40 it B 7 1 5%
RT-PCR 45 I & 375 W P42 4 4f i I 7 1L-6 . IFN-y, TNF-o, IL~
17 ¥ F 254k . PCR 453 (|8 2B) ; XBP1-shRNA 44 5 Ctrl-
shRNA 4 H#8, 1L-6 \ IFN-y, TNF-«, 1L-17 i mRNA ik &1
22 5] B 5B {4 ] (P<<0. 05) 5 i AdV-XBP1 415 Ctrl-shRNA 4]
R 5 33 2 4% 4 M R 7 ) ¢ 508 2 DU B 8. | 98 (P<C0. 05)

2.3 IRE-1-XBP1 i i 2 1 JAK-STAT il % 5% 1y KCs 41 Jiig
Ko AE 4558 8 on . il IREL-XBP 3 B /% # . JAK
FiEd JAKL 5 JAK2 (& 3A) 1 STAT i i &t b STATI
K STAT3([E 3B) H B 8 14 3% S H B R b /K 1 33 32 51 417 il
(P<C0.05), Tif¢#f IRE1-XBP1 i i ) & ik i 5 7, JAK K
W M STAT GEJ%E bk i i 1) 2R 1 3% 58 it ML Wi R 1k K S 34 74
F| 5 T (P<C0. 05), Western blot 45 5 #2 7% , IRE1-XBP1
W KCs @ 43 W 40 i BB F A& 43 o028 AR A AT Ag 2 38 3 JAK-
STAT i J& i L . (HA REalE— 25 IR IE .

A ey 5 48 h KCs Nt 9e e 8 H £ i5; B: RT-PCR A M #% Y¢ J5 48 h 4% 41 KCs o XBP1 #) 3 [F #% 5% 7K - ; C: Western blot # ] KCs 1

XBP1 % [ #ik .

B 1 BLEEEKCs b XBP1 # R . RiIZMWETWL

A: 7541 KCs 2R3 7 s 8 HOIR 18] 23 47 5 B 45 41 KCs 2330 20 i (]
F mRNA [ £iEKF.
& 2 IRE1-XBP1 & B& Xt KCs #1419 5 1)

2.4 KCsH IREL-XBP1 i B i #E X0 G 1L T 2405 7952 i

2.4.1 IREI-XBP1 il 1% ¥E 4 36 /b T 40 i 388 58 09 5 i
Brduis A vE K 3L 15 5 T 9k O 40 i 1 58 25 S @R , XBP1-shR-
NA 4 432 T 2056 19 P 2% (14, 69 £ 2. 31 %, 88 Curl-
shRNA 1A (21. 3245, 41) %, 'T Ik B 40 Jid 43 24 384 78 /4 fig 1 B
B2 B H (P<<0. 05), T £ AdV-XBP1 41+, AdV-XBP1 4]
(40.80+7.54) % # Ctrl-AdV 41 (22.03+4.76) % . T #k = 40
i 53 24 46 58 9 R 45 31 BH 2 0 5 (P<C0. 05) , IL &1 4 A,

2.4.2 IREI-XBPL @G Ex G /L T M - R
B Annexin V-FITC/PT kil T kL 40 M8 T 15 00 K 2. T
WhEL 4 il 7E XBP1-shRNA 2 (42, 17+8. 7O U A T- W B & T
Ctrl-shRNA £ (23. 7444.16) % , i 7£ AdV-XBP1 20 (10. 95+
37D BT BALF Cturl-AdV (21, 87+3.72) %, £ R H 5
2 X (P<<0.05), WK 4B,

A:TRE1-XBP1 %F JAK1 Fl JAK2 & [4 23k S 05 B2 4k 7K F 19 4% . B. IRE1-XBP1 %} STAT1 F1 STAT3 & [ £ ik Mk K Fry s, . P<
0. 05,5 Ctrl-shRNA 4] [ 45 ; # : P<<0. 05,5 Ctrl-AdV 4l 8%,
A 3 IRE-1-XBP1 & #& 3t JAK-STAT i B A9 18 75
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2.4.3 KCs 1 IRE1-XBP1 3 # 4} & b T 48 it 45 15 48 i () 5

B 3R BT ELISA Kl 45 3 /R . IFN-y . TNF-q,
IL-6,IL-17 7E XBP1-shRNA £ 1, 5 Ctrl-shRNA 41 b %, H
436 X5 32 B AS [R) AR I B9 P04 5 i 78 AdV-XBP1 41, 5 Cul-AdV

2317

H# b3 4 Fi 248 B IR 1 3 00 S 3 0 w5 (P<<0. 05), A 1L~
10 7E XBP1-shRNA 20 H (% 7K S #1 B W 55 F H7E Curl-shRNA
I AAV-XBP1 2415 Curl-AdV 41 b4 I TL-10 43
W B L (P<C0. 05) L LA 5,

AU KCs A T ik 40 38 58 10 5 000 5 B2 25 41 KCs X T 38k T4 40 M0 98 12 A9 0 5

HILE
& 4
%0 " 700
oed 260
g 70 2
600 =0
% 50 %400
= 400 <]
4 4
£ £
4 100 iy
0

A XBP1-ShRNAZR Ctr |-shRNAEH AdV-XBP1ZE CtrI-AdVR B

600

500
400
300 -
200
ok
0.

D XBP1- shRNAiH Ctri-shRNAZE AdV-XBP14 Ctrl-AdVR
* ,P<<0.05,5 Ctrl-shRNA 4 [Fb#5; #
5

EERIL-17KT (pg/mL)

3 i it

HirE w5, APCs BB R 1 T 40 B 3% 3% 4r fL 72
AcR (B R IG AL S X A I R S R AR L o] 5 ) S A i
Z o HE R G R . KCs 3 1 458 5 3R 51 32 4k (PRRs) 3 51 41
kPR, L TLRA 52, # 17 E 5165, RAEMMK, Ml
B KCs F% g IFN-y J LPS %5 K 5% F b K& 50
RN F AL HE Thl/Th17 28 /R, B4 10 58 1 P B 2 38 Ty
fie . HoZ AR & W A5 IL-12. MHC- T . CD68. NOS2., IL-10
&, M2 % KCs 5 Th2 7 655 B % R % Y. e fb i M2 &Y
KCs % % % IL-12. MHC-T . IL-10. CD204., CD206. IL-
IdecoyRE 1 |

AR S op S 0 B 1 IREL-XBPL (9% 4 R % 5, &
LR KCs o IRE1-XBP1 3 % 7% P , G645 300 il & LPS 3% 1L
B KCs i MHC- 1[I B 32 3k K -, 5 3Ck 4 38 25 5 — s,
B AN 300 33— 388 5 0 3% 1 o o 0 55 2L 398 4> 7 CD40 K CD68
M2k, {H KCs F 1 M2 BIREY CD204 & CD206 fil) 3 ik

. P<<0.05 5 Ctrl-AdV 4l %% .
FHKCs 3 T kB a4 i 2B E F L T =2 M

:P<<0. 05,5 Ctrl-shRNA 4{ L #, 7 . P<<0. 05,5 Cul-AdV

KCs 1 IRE1-XBP1 X #1488 T #k B 48 ff B4 82 1

aill

XBP] SHRNAZE Ctr|-shRNAZH AdV-XBPIZA Ctr|-AdVR

8 8

L-67KF (pg/mL)

600
500
< 400
5 300
iﬁzoo
-'-HOO

C XBP1 SORMAER Ctr I-ShRNACR AQV-YBPIER Ctr -AdVAE

*
E 140
2120
B 100
80
60
& 10 #
. 20 .
0-

E XBP1-shRNAZH Ctrl-shRNAZH AdV-XBP1ZH Ctrl-AdVA

LiERIL-107]

AKOF T B B b, A5 KCs 3 8 e 48 o MHC-TT . CD68,
CD204.CD206, T 45 & M2 # KCs By F B, 75 FH X —
T T RN ) MHC-T1,CD40 [R] CD86 B % i /K - 15 5] B &
I35, 1 CD204 K CD206 [ 3235 W B B 32 i, KCs R AR
MHC- I ,CD68,CD204,CD206, 5 M1 %I F2 AR, o2 %
W T AN F] IRE1I-XBPL 36 PR % KCs 3 5 43 W2 % I+ 1Y
L R R FE SRR T, kB IREL-XBPL 58 1 1 44
KCs [ 43 W 1L-6 ,IFN-y, TNF-o #1 1L-17 3 /0, i b 83X — i
B 10T P L U B R R R R B R s . T — 2B AT g
B JAKL JAKZ2 & STATI1 #1 STATS 8 (1 K # B 1k
AKOF B PP T S B . EARF 5 R e i L IRE1-XBP1 F 2
5 JAK-STAT H ity Bf— 4538 B . 3% JL# 18] 19 ¢ R 8 A 15 5 3%
AMWEFE . DA b 45 3 30E 52, IREL-XBPL {36 M o 28 vl DL i &
KCs Mtk tEA2 1k . ik — A IRE1-XBP1 @ #% 175 5 1) KCs
e P A8 A T 7 A T A 2 RN AR L R 4 A KCs 43 Il
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T bk 40 i k47 T 2L 55 9% . R B KCs b IRE1-XBP1 @
BT I L2 40 O3 A 3 B B8 0 e 5 - 9 Tk IR B ELfie
RN T3 W 32 AL A0 T W B 4R R KCs 4R R
PUSBAE T 400 i RE 0 W12 55 . R B 2R LT M2 B! KCs
H A WA RO o T VR O L U 2 B 26 LT ML AL KCs
R/ SR

£i ERTik 4 KCs o IRE1-XBP1 J8 B 49 1 4, 7] LU
T ML R ALY KCs 52 M2 REF AL L I 3 30 H X 98 AE SR Y 172
PEREROH . ik — B B KCs th IRE1-XBP1 i % 78 & 4E
S TR BT R A A JG e 5 Rz i AF AR R — S R R
B

S &k
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