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96 1 GRS A 549015 Brer) . DIERFAEARE (GEO) W 3% ET HOCIE SRS GSE47783, 1Z5R4EH
BZ24H (LPS) 380N B W 40 MO ST e B e AR (LPS 2H)) A ET A8 (ET 4H) J5 EAT 52563545 5 A IDEP 0.92

RAFIR B AE P 4] 22 R RB N (DEG), IR T3 AAR (GO) 40, I 2 DEG B 5 AT fEAIE
SR, F L S B B A R B FE (STRING ), 41 % DEG #4778 149 )5 - 2 14 BUAH 546 7] (PPD) [
2% T RO B PR R TR AT S G TR A0 M ISR 11 324K 2 (HAVCRR) HH TS SR IFTSY . @ 523 2 (/)N B I 41
Pk RAW264.7 B £ ) < RSN IR RAW264.7 A0, 38 4 LPS Jl3 ] 45 ET #5584 (ET 41, FH 10 pg/L (4 LPS %
F% 24 hJ , B 100 pg/L B9 LPS 1757 4 h) MR EHER AL (LPS 4, ] 100 pg/L H LPS 537 4 h); MR £R 2% /i (PBS)
ML THIRBRLE PBS 5557 4 ho SRS DG E w8 A REEE N (RT-PCR ) AR 145 f 2 BN 56 ( Western
blotting ) K Al HAVCR2 ) mRNA KA FA£R K. @) %5 3 (HAVCR2 1890 R A% Y RAW264.7 4iififl) :
PE— W8 HAVCR2 B 5255 ET K, 18R 875 & 92 RNA(ShRNA)F AR #E RAW264.7 41 H(%) HAVCR2
Jii, FRfl £ ET B (HAVCR2-ET 4), IE % JE UK HAVCR2 By X% B4 (ET 4H), 2R JH RT-qPCR 3246 10 40 Jifg
FP AN AR Al e L ) (S 2R 1 (ARG1), CD206 ., AR SRAEIN 1 - o (TNF- o ). A 2 -18 (IL-1B ).
—SAAL A A 2(NOS2) ) 1 mRNA #ik, &R @ 555 1: 43845 1 013 4> DEG; 5 LPS 41 b4, ET 41 521 4>
PRI, 492 AT ;388 DEG BT RE R E IS A P45 0 L I RAE SN, FEE AT Janus 38 / (55
1 5 S FIGIN T (JAK/STAT), NOD FEAZAA | Toll FEZ R (TLR ), TNF | B S K F -1 (HIF-1) 455 5l
PR BT 455 —AN35 LA AR 1 HAVCR2 1ERIGTERFFE A H AR, @ 5256 2 - (RANICIRAS 1 BoR , A ik
LPS b5 , RAW264.7 2l HAVCR2 mRNA #3k%% PBS 4 2 R ; i ET 41 HAVCR2 mRNA 350 i 5
TLPSZH(27*4";1.10+0.10 [, 0.60 + 0.10, P< 0.05 ); Western blotting £l %% 5 5 RT-qPCR %5 5 —3, @ 528 3.
5 ET 4401, HAVCR2-ET 44l ARG1 F1 CD206 [ mRMA 3500 R ARGT mRNA (2744).0.50+0.10
Ft 1.00£0.10,CD206 mRNA (2744").0.73£0.10 ¢ 1.00+0.10 ), F##H T TNF- o F1 IL-1B [ mRNA &350 i
Jh 5 (TNF-o mRNA (27%%") . 2.20+0.10 F 1.00+0.10, TL-18 mRNA (27*"):9.00+0.10 [ 1.00+0.10 ), 2
WA G FE () P<0.05) ; PiZ] NOS2 mRNA #iAZF NG HE L., &8 HAVCR2 5T T
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[Abstract] Objective To screen out the potential key genes of endotoxin tolerance (ET), and to provide
theoretical and experimental evidence for treatment and prognosis of sepsis. Methods (D Experiment 1 (gene chip
and bioinformatics analysis): ET related data set GSE47783 was downloaded from the Gene Expression Omnibus (GEO).
The data set was obtained from lipopolysaccharide (LPS) stimulated mouse macrophages to establish sepsis model (LPS
group) and ET model (ET group). IDEP 0.92 software was used to screen differential expressed gene (DEG) between the
two groups, analyze gene ontology (GO), and locate the main functions and signaling pathways of differential genes. The
protein-protein interaction (PPI) network of DEG was constructed by the Search Tool for the Retrieval of Interacting
Genes Database (STRING) to screen core genes hepatitis A virus cell membrane protein receptor 2 (HAVCR2) for
following up validation study. @ Experiment 2 (reproduction of mouse macrophage RAW264.7 model): RAW264.7 cells
were cultured in vitro, the ET model (ET group, cells were cultured with 10 ug/L LPS for 24 hours and then with 100 pg/L
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LPS for 4 hours) and sepsis model (LPS group, cells were cultured with 100 pg/L LPS for 4 hours) were reproduced by
LPS stimulation. Phosphate buffer saline (PBS) group was given equal volume of solvent PBS for 4 hours. The mRNA
and protein expressions of HAVCR2 were detected by real-time fluorescence quantitative polymerase chain reaction
(RT-qPCR) and Western blotting. 3 Experiment 3 (RAW264.7 cells transfected with HAVCR2 lentiviral vector): to
further clarify whether HAVCR2 was involved in the formation of ET, after knockdown of HAVCR2 in RAW264.7 cells
by lentiviral short hairpin RNA (shRNA) technology, the ET model (HAVCR2™-ET group) was constructed again, and the
control group (ET group) without knockdown of HAVCR2 was set up. RT-qPCR method was used to detect the mRNA
expressions of macrophage polarization key proteins [arginase 1 (ARG1), CD206, tumor necrosis factor- o (TNF- ),
interleukin-1B (IL-1B), nitric oxide synthase 2 (NOS2)] in cells. Results (D Experiment 1: a total of 1013 DEG
were identified, compared with LPS group, 521 genes were up-regulated and 492 genes were down-regulated in
ET group. The function of these DEG was to increase biosynthesis and reduce inflammatory reaction. Signal pathways
were mainly enriched in Janus kinase/signal transducers and activators of transcription (JAK/STAT) , NOD like receptor,
Toll-like receptor (TLR), TNF, hypoxia inducible factor-1 (HIF-1). The first up-regulated HAVCR2 in the ET group was
selected as the target of the study. @ Experiment 2: the results of in vitro experiment showed that the mRNA expression
of HAVCR2 after high-dose LPS stimulation was down-regulated as compared with PBS group, and the mRNA
expression of HAVCR2 in ET group was significantly higher than that in LPS group (2”**“": 1.10£0.10 vs. 0.60 =0.10,
P < 0.05). The results of Western blotting were consistent with RT-qPCR results. 3) Experiment 3: the mRNA
expressions of ARG1 and CD206 in HAVCR2™-ET group were significantly lower than those in ET group [ARG1 mRNA
2 **N: 0.50+£0.10 vs. 1.00+0.10, CD206 (27**"): 0.73+0.10 vs. 1.00£0.10], and the mRNA expressions of
TNF- « and IL-1B were significantly higher than those in ET group [TNF- a mRNA (27**"): 2.20+0.10 vs. 1.00 +0.10,
IL-18 mRNA (27**"): 9.00£0.10 vs. 1.00£0.10), with significant differences (all P < 0.05). There was no significant
Conclusion HAVCR2 is involved in the
regulation of inflammatory factors downstream of sepsis and the formation of ET, which is expected to become a new

difference in the expression of NOS2 mRNA between the two groups.

therapeutic target of sepsis.
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LPS) JEHE T MU “ S Aiskn” >, WFse i, e
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AOPE A PRl , TR PR 7o i 22, Hh B N 2
FAWEVE S 1 N5 Z T 32 (endotoxin tolerance,
ET)BI4, AR ET G e s iz B H
HEHAR LA AN A . BRI, AR ET 5
JHeBEAE 1 25 57 Fe 8 FE ] (differential expressed gene,
DEG ) #EA7 %5 , i e Hh T A B 4 o P B S 7 4
MIRREE 113214 2 (hepatitis A virus cellular receptor 2,
HAVCR2), FHIER I HIE A FECET BIFEH] .

1 #MHBEFE

11 SRR S ARSI U BRI
T H (2019JDPT0003 ) PN %, 1331 H 22 P4 g B R K~
B B e 8 B S Y & At (LS« ky2018029), 3F:
AT T AU ChiCTR 1900021261,

Y (Gene Expression Omnibus, GEO) i i ET #H6
Hlia e GSE47783 7 VA %Rl GLP13912 (K[
Agilent Technologies 7y 7] 2011 4E#24it), GSE47783
Bt 42 i LPS /N B W 240 A 2 N7 I A e B ET
BOBY 5 AT S B RS % S M EERE4H (LPS 4.,
n=3)MET H(n=3), {EIPTHIEHNFILTERSE , 1
R 253544 IDEP 0.92, L P<<0.05 il log, 22 5458 (fold
change, FC) >1 briEfi vk B 014 DEG, It 7 5 A
AAK (gene ontology, GO) 43#r, 54k DEG & &4
REAME Tid %, FHBER S 8 1 o B IR 28k
P& % (Search Tool for the Retrieval of Interacting Genes
Database , STRING ), £ %F DEG A4 22 25 11 5t - 25 [ i A
HAEH( protein-protein interaction network , PPI NS
DA 8 A O A

1.3 /NEREEAN AR RAW264.7 58 il 5 : RAW264.7
MG A I AR AR IR A R BT 10%
FRZF L | 19% T RER M 1% HE55 3 1) RPMI 1640 15
FRH, T 37 °CL 5% CO, EFRAIT TR . ET 4140
10 pg/L 1Y LPS #7557 24 h Ji5 #3557 58, 15 100 pg/L
1 LPS $55% 4 h; LPS ZHZ0AH 100 pe/L (1) LPS #5357
4 h 5 BEFRER 2% W (phosphate buffer saline, PBS) X}
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HEZH (PBS 2H) A0 AR H 1 PBS HiJR 4 he
1.4 BEECARE M R (enzyme linked immunosorbent
assay, ELISA) : >R H] ELISA J2:A5 M 21 At |- V&5 1 b i
JEEIRHEIR T - a (tumor necrosis factor- o, TNF- o) f
Fri, BAHRAEE IR ELISA 38050 A (DU AR 5
ABRAFD) BE T

1.5 SEF O B 3R A HE S (real-time quanti-
tative polymerase chain reaction, RT-qPCR ) : #2H 41 iy
B RNA I mRNA SO 53580 &3 B e DNA 3 2
FARARNEZOCE G G U B #E1T gPCR, &
PRER 20 ule IAEIRSHL - 95 CHULNE 30 s, Bl
HEAT 39 AR (95 °C 55, 60 °C 30s), FEHNFIHYF
G B T AR TR A BR A A G . R R
ki 270 AT

1.6 A E BN (Western blotting) = il £
A0S, SRR A B, 0 VR T E
o B 80 ug H BTk E B B IE T, b e
PR - SR PN BE G BE I FEL UK (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE), #% &
A — 3 L (polyvinylidene fluoride , PVDF ) i 2 h,
5% JWEAR A W iR A 1.5 he INKEPTERL HAVCR2
Ptk (1:100), 4 CH A SR, AR ER 16 2% vh i
(phosphate buffer saline tween-20, PBST )P4 3 I, il
TP EIRFE 1 h, B AEBEES, H Quantity one 4.0
B S A T 3T

1.7 HAVCR2 MJR# 2R Je RAW264.7 )i - I\
e ] 2 T B AR MR 8w M SEAE o BE A, 1%
TRIB AP 3 4% HAVCR2 B Hay ik 7 8 & e
RNA (short hairpin RNA, shRNA ) Z AR G TR, F
9 R AL YL 3 RAW264.7 40 3 d J= , FHIEERS %
R A, 15 25 3 AR E A R, 45 ET
AHNIREAL, 432 HAVCR2 R fik2H (HAVCR2™-ET 41)
FIETH, #F—4 W HAVCR2 J& 52 5 ET B .
1.8 Heit=#4r#r - rf Bdis K H Graphpad Prism 7.0
AT . TR IR, LA
BB+ bRtz (£s) o, A FEBCR T o K6 5
JELE I A 2 R B 64T ¢ K. P<0.05
hESAG R L

2 7 R

2.1 DEG g4 5 I REM T : GSE47783 JEPALER
FrBUiR22 TIDEP 0.92 -5 7347 L KR PR35 — AL A
BACAL B 275, BT 4145 LPS 41 S PRIk R 7E [R] —
HKOE HA T 1~ 2), 323843 DEG 1013 4>,

5 LPS AIL#K, ET 414 521 A RIS, 492 4~ F
AN (151 3). DEG DIfE K A5 S id ik w8 T i
3R DEG IIRE F 2 MM A= W6 nl, 30 44 S 1
(£ 1) ; FEFET Janus W /7555 3 5752
1 A1 (Janus kinase/signal transducers and activators
of transcription, JAK/STAT), NOD #£5Z & | Toll #£5Z
A& (Toll-like receptor, TLR), TNF, Hlt 4 /5 5 -1
(hypoxia inducible factor-1, HIF-1) 45 Sl % (£ 2),
PPL W25 7R (18] 4), 4 Z AR T R 2 e s Horfr,
HAVCR2, CD247 . Smad7 ., J5U#EHEH ABL1 Fll Fos | 42
P H3 K1 1(colony stimulating factor 1, CSF1), #%52
R % 1 H 4 51 3 (nuclear receptor subfamily 1
group H member 3, NR1H3) S5 7E ET i &35 A X} 3
1=, TNF | 40 R 155 5% S AW IR 1 (suppressor
of cytokine signaling 1,S0CS1), J5Jm3E A LCK 1 PML
SENTE ET W SRIBAXS T B (18] 5). ARWFIE ST
ET 45— 15 LI & 1 HAVCR2 2EAT)R4E
IS IERSE
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2 GSE47783 ¥im&E T LPS 415 ET AR EH EME 547 (PCA)
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(ET) MISCEURSE, LPS AR 20 ; RN E £k £, DM
RB AT 28 S, U H 3843 Sk B3 1 S R T g
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EFREERNESBEERSN
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e LTS ekl
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1 : GSE47783 S IR F R Eidis FE (GEO) i ) i INBE R i 32
(ET) FHCHARAE , LPS NS L4, PPL MR 15 - 5 U B B AR,
STAMBPLI & STAM Z5 & & FFE 1, PPPIRISA N HBEEREE 1
PATFIE3E 15A, ACVRIB HELIGE A 24 1B 1, HHEX iy
MR IR R &, SLC1A2 A FRERIARSE | Bibt 2, PLAGLL
LI BRRE LIRS 1, PML, LCK, ABL1, Fos A JEJAEIER , DAXX Sl
FET- A SE B H , NRIH3 WAL Z R K% 1TH A5 3,
MCM10 F e A 4334 11 10, DDX58 &7 DExD/H-Box fiJiEHf 58,
IFIH1 F T ZEE SO ER C 45858 1, MSH6 MAk s 58 5L
TNF SRR IRFEH T, CSF1 HHEIE R T 1, SOCS1 R4 +
{5 S SHI R T 1, BACH1 %% 535 8 (AR, HAVCR2
AR R SRR SZ 44 2, CISH R4 R T 5 & SH2 21,
SLA 24 Sre FEZZAA, TFRC WFFRER H3Z 1, BATF s s 2R
FikEE T, CEBPA Jy CCAAT/ iR F4567E 1 o, IL-10 4
FIANMEA 3 -10 5 20O Gols RGN, W AR RS L,
BRI A LA B AN , A QN T2 1) 20T 2 7

4 GSE47783 R4+ LPS 5 ET 42 R EFH K PPI M4 &

PML log, FC
TNF I Lo
LCK |

C 0.5
S0Cs1 o
IFIHI | os
Sirtlfig §
ppxss 10

Fos
Smad7
ABLI1
CD247
CSF1
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NRI1H3

FAL  FEAR2 BEAR3 REARL HEA2 O HAS

LPSH ET4
151
T : GSE47783 Sy AL P F&R B4 172 (GEO) i 1A N BE 2R T 32 (ET)

FCEAELE , LPS JNRZH, FC 22 2540, PML.L.CK . Fos . ABLI g

JFURSLE , TNEF g RPE R T, SOCS1 AR 715 57 5
PRI 1, IFTHL R TR A R I AEHER C 258950 1, DDX58 4
DExD/H-Box f#igfiff 58, CSF1 MK R AT 1, HAVCR2 N
FH I SR A2 1K 2, NRIH3 A% Z AR 0 1H 45 3
EAR G v o - PN IR Y AVl B S |

5 GSE47783 iR+ LPS 415 ET A% 02 R FRAFEHE
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2.2 HAVCR2 7E ET B A RIA N ARSI SEG TR
ZKF & LPS 4bFH 4 h J5 , RAW264.7 il 35w
TNF- o 45 PBS 4 8 F+ 55 (P<<0.05); 1 ET 41
TNF- o 5 LPS 41 FRE2 30% (P<0.01 ; 41 6),
$27R ET 240 IR i) 4 2. RT-qPCR 45 R oK,
LPS 41 RAW264.7 4l HAVCR2 mRNA FiA% PBS
ZH I BRFAK (P<0.05) ; 1M ET 41 HAVCR2 mRNA %
IENAE LPS T2 1 /5% (P<0.01 5 K1 7) ; Western
blotting £ % 5 RT-qPCR %445 %:—% (K1 8),

700 630.58+£24.30°

410.88+40.53

| 64.39+27.74

PBS# LPSH ET#
A

1« PBS MWABRELZE nhif , LPS MIEZHE, ET WNTE R Z,
RAW264.7 /NS WA, TNF- o IR RAER T - o 5
5 PBS 41 He A%, 2P<0.05 ; 55 LPS 41 Heis, PP<0.01

6 4 RAW264.7 4l E3EW S TNF- o 7K HE

1.10+0.10"

)
1

1.00+0.01

o
T

=}
oo

0.60+0.10"

o
=N

HAVCR2 mRNA (2742¢T)
(=]
=~

o
S}

PBS#L LPS# ETH
4150

1 . PBS AWEIREhZE vk , LPS WS HE, ET A NTERHZ,
RAW264.7 /N E W ZHAIRE , HAVCR2 by FH AU Js BE AL
ZIR 25 5 PBS 4114, *P<0.05 ; 5 LPS 4114, PP<0.05

7 %4 RAW264.7 40fisF HAVCR2 mRNA ik 8¢

L7 PBS# LPS#| ET4

HAVCR2

e _

Western blotting 2 |1 5T S22 EE 1 , PBS Ry iR ERER 0Pk,
LPS MR HE, BT HINFE K2, RAW264.7 /N AR ik
HAVCR2 A H RUFRIGEEAIMSZ A 2, B-actin ) B- HLBHE A

8 Western blotting All|4%-24H RAW264.7 40ja
HAVCR2 BEHFRE

2.3 HAVCR2BYTIRE : ff H shRNA £ AK RAW264.7
A HAVCR2 K& BRI PRl 4 ET 40 fsi A,
IR HAVCR2 52 5 ETHE AL 45 R R (£ 3),
5 ET 204, HAVCR2-ET 21 RAW264.7 4 Huks 52
R 1 (arginase 1, ARG1) fl CD206 [ mRNA #ik
I & %A1 (38 P<<0.05) 5 {H HAVCR2-ET 41 i [Hl
T TNF- o A 4HHE A -18 (Interleukin-18 ,TL-18 )
) mRNA A5 ET 41 1w (¥ P<0.05); Hidl
—E AL E AT 2(nitric oxide synthase 2, NOS2) mRNA
FKiLEFIGIH L (P>0.05),

£ 3 EEHE HAVCR2 EEAH RAW264.7 AR

BB X BERRELR (x £5)

FEAEL mRNA #ik (2744)
20 541
(FL) ARG1 CD206 NOS2
ET 41 3 1.00+£0.10 1.00+0.10  1.00+0.10
HAVCR2-ET4l 3 0.50+0.10" 0.73+0.10* 0.93+0.10
', ‘j‘\‘ -AACT
13 REAEL mRNA %3k (2 )
(fL) TNF- « IL-1B
ET 4 3 1.00+0.10 1.00+0.10
HAVCR2-ET#41 3 220+0.10* 9.00+0.10"

1 ET RN E 2, HAVCR2 S F T8 55 245 40 M 2 11
ZK 2 (HAVCR2) Ff, RAW264.7 20l /N B E W2 ia bk , ARG
SRR 1,NOS2 A— ARG 2, TNF- o KM - o,
IL-18 HAAIEAZ-18 5 5 ET 41 H4s, *P<0.05, "P<0.01
3 i3t i

W FEAE 2 [ T 2 27 ST I 1 B RO A 5 Pk
il 2 AR 2 A PR R I, 45 A SO R R 4
FHORIRA . R AR E PR X HesEie R R
BB PR FE5 G, AHIE AT 20 4F R BREEAE 1) A0 R
R IER R FA T O AR — A A Bk 1 R 7]
7 MEEAE R R TP LA AR AL TR B
S EARZS , I I Skl A
Y WG A HRATT T R R G R 24 i
HEREIG B E AT SN, P B TR
AIBILAIAT A B B, BT DA 3408 0 e i 2R Wb i )
SR RERE BT SR AL B AR U B3 . AR ST
KA B AT 78 5 ET 7 s i b4 T g
ST, B0 T ET B9 DGE, 31 & ¥ DGE 43 4ii T £ 4
{5 53 %, 4 JAK/STAT, NOD #£22 4K | TLR, TNF,
HIF-1 45,388 GO & 52431 FE 538 1 40 B A K,
DEG 5435 i FAE )& AE DG, H DGE 76 T 4l
ZRMAIES ET HXHE S B EE. T4
FEFE ET LS, 725 ET TR RN,
AR T ZRIN W0 TS A AR 11 HAVCR2 fE
RS UERF TR B AR o
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HAVCR2 J& T | RIS 1, HAR A X 5
TPEEREE AV X, % XA 31% 2250 22 5 1R 5%
FHE R 0 B 1 DX, I X A e R R Y A
R T 9L 6 MR T A, Horh—A 8 T4 4
MR LT, & HAVCR2 2 5415 54 5
TR ) ST a5, {H LA IR 2 i BT 24 B 1 52 i)
HARWERE B H AT HAVCR2 A CRFSE 3 B4R h
bR S B0 AR SC ML T, IR SIS T 4
SRETEVRAT 5, E YRR FP BT AR e
HAVCR2 RERFAR P FLEEEE 2 -9 (galectin-9, Gal-9)
I A YT, 5 HAVCR2 4545 T2 L4 i
%, 7= A 2B A WSO FE AT AL G | 5 4N
LR T Ay A AR (RS 5 AL
HAs i 2 A Rt — R R T AR E i
RT-qPCR } Western blotting ¥4 % ¥, HAVCR2 7£ ET
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