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(5 ZE] H89: WA HIKTEE T A12A Cheat shock protein A12A, HSPA12A) % P 7 2 IMUAE AT 4% (52 m 2 WL . 755%: OR
P RESE /N SR ZHZURNA W 5 1) A SR 5048 e, LLAEE B % F B Hspal2a T 2 FREEIGE 8 E 1 mRNA RIAZEAL . @K
6~8 JA W% Hspal2a FE R & %5 (Hspal2a knockout, Hspal2a™) 53 F1EF AE Y (wild type, W) B, 18 i 73 5 g £ B (lipopolysaccharide,
LPS)5 mg/kg 55 N 2 2 IILE , AAEHE 3h 7K (normal saline, NS)YEST /N BT B2, 7329 NS-WT 41 NS-Hspal2a” 4 LPS-WT 41
FILPS-Hspal2a™ %8s LPSYEFH 6 h J5 , WA 20 21, HE Jy 6 0 22 JHF ik 26 2005 2 AR 4k 5 4 EDEFIT RT-PCR 43T H H HSPA12A,
ApoAl.ApoB.ApoM KL /KF; Sy BT, T 5 BT ShREbn S TH R R & L H5 72 1 (alanine aminotransferase , ALT) Fl K 4 & i 2 ik
4%l (aspartate aminotransferase, AST) 7KV~ DA A i 52 i 25 1 IH [ B Chigh-density lipoprotein cholesterol, HDL-C) R % B2 g i
P9 JIE & % (low-density lipoprotein cholesterol, LDL-C) 7K F-o @WT FUFEAC TN 15 Hspal2a 5, 1 H LPS(500 ng/mL)1E F T
JFF 4T ARSI PN 25 2% IR A0 A 28, 6 b S A P A s 7% L3 0 ALT R AST /KF o (ORRHR 2 75 K AR IR B0 FF 45 03 5 28 3
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JIE Hspal2a-ApoalApob 1l Apom 1] mRNA ik T B, @5 NS-WT LA EL, LPS-WT 4T 24H 27 H B RA 45495 (P < 0.001) « #SRE TR
IEEER 2 (P < 0.0 MfLiE ALT(P < 0.05) fTAST(P < 0.01) F+ &1, [FI I JFF 21 23 HSPA12A RIE B3 R R (P < 0.05); 1 5
LPS-WT 0 M bt , LPS-Hspal2a™ 2H BT FEAS AL 58 ™ 5 (P < 0.05) HLIfLTE ALT(P < 0.0 A AST (P < 0.05) 7K V-7t &1, HDL-C Al
LDL-C/KF T & (P < 0.01), BFH L4815 25 1 (ApoA 1. ApoB . ApoM) #3E PR (P < 0.05, P < 0.01) . @442 56 v LPS 1 £
4B 7% B3 ALT A AST /K F- TR (P < 0.001), 1113 2235 Hspal 2a RS LPS {E FH 51 ALT A AST /KFT (P < 0.01) 6
D R ECHE B, B IR B5RE F3 493 () B I 2 A ALT A1 AST 7K P AR Lo R 202 25 FH 75 (P < 0.001), HDL-C A LDL-C /K 2. 3%
TP <0.001). £5i€: AR MUE S ETIE HSPA12A FIE N, A S T W& R IEF 5 10 & 28, i 3RIE Hspal2a REWS 1R
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Study on the role and mechanism of heat shock protein A12A in hepatic injury induced by

endotoxemia
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[Abstract] Objective: To explore the role and mechanism of heat shock protein A12A (HSPA12A) in hepatic injury induced by
endotoxemia. Methods: () The mRNA expression changes of Hspal2a and multiple apolipoproteins were analyzed by bioinformatics
using a public database of RNA sequencing results from septic mice liver tissue. @ Endotoxemia was induced by intraperitoneal
injection of lipopolysaccharide (LPS, 5 mg/kg) using 6-8-week-old Hspal2a knockout (Hspal2a™) mice and wild-type (WT) mice.
Mice treated with normal saline (NS) served as controls. Animals were divided into four groups, NS-WT group, NS-Hspal2a™ group,
LPS-WT group, and LPS-Hspal2a™ group. Six hours after LPS treatment, liver tissues were collected to evaluate the tissue damage by
HE and analyze the expression levels of HSPA12A, ApoAl, ApoB, and ApoM by immunoblotting and RT-PCR. Serum was separated
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for measuring the levels of liver function markers (alanine aminotransferase, ALT; aspartate aminotransferase, AST) and lipoproteins
(high - density lipoprotein cholesterol, HDL-C; low - density lipoprotein cholesterol, LDL-C). 3 Primary hepatocytes overexpressed
Hspal2a were treated with LPS (500 ng/mL) to emulate endotoxemia induced liver injury. Six hours after LPS treatment, culture
medium was collected for measuring levels of ALT and AST. @Patients were divided into the sepsis induced liver injury group and the
control group according to whether the septic liver injury occurred. ALT, AST, HDL-C and LDL-C levels were collected and compared
between the two groups. Results: (D Bioinformatic analysis showed that the levels of Hspal2a, Apoal, Apob and Apom mRNA were
decreased in livers of septic mice. @) Compared with NS-WT mice, LPS-WT mice displayed obvious histopathological injury in liver
tissues (P < 0.001) and the number of inflammatory foci was increased (P < 0.01) along with the elevated serum ALT (P < 0.05) and
AST (P < 0.01) activiaties. At the same time, the expression of HSPA12A protein in liver was decreased (P < 0.05). However,
compared with LPS-WT mice, LPS-Hspal2a™ mice showed more severe pathological damage of liver tissues (P < 0.05) , along with
higher ALT(P < 0.01) and AST(P < 0.05) levels and lower HDL-C and LDL-C levels (P < 0.01). At the same time, the expression
levels of hepatic apolipoproteins (ApoA 1, ApoB, ApoM) were reduced (P < 0.05, P < 0.01). @n vitro, ALT and AST levels in culture
medium of hepatocytes were signaficantly increased after LPS treatment (P < 0.001). However, overexpression of Hspal2a alleviated
the increases of ALT and AST levels (P < 0.01). @Clinical results suggested that compared with the control group, the sepsis induced
liver injury group showed signaficantly higher serum ALT and AST levels (P < 0.001). In contrast, HDL-C and LDL-C levels were
signaficantly lower (P < 0.001). Conclusion: Endotoxemia leads to downregulation of hepatic HSPA12A expression, which mediates
the development of endotoxemic liver injury. However, overexpression of Hspal2a can protect liver injury induced by endotoxemia. The
action of HSPA12A may involve the regulation of hepatic apolipoprotein expression and serum lipoprotein cholesterol levels.
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FRAF]D, P —HrAHT M —H (Vector Labora-
tories 2y @), L E), FHEE . RIPA ( i3 = KA
RA MR H]D, BCA H HE 277 & TRIzol (FEER &
HRBHE B BR A 7], £ [H) , High-sig ECL Western
blot JI&#) (L R e EW R A R A 7D, Apoal -
ApobApom 51 (AL E RV A RH AR AFD .
KB B , Apoal L3i5: 5'-GGC-ACGTATG-
GCAGCAAGAT -3", N iif : 5 - CCAAGGAGGAG-
GATTCAAACTG-3"; Apob Lii: 5'-AAGCA-CCTCC-
GAAAGTACGTG-3', F¥if: 5’ -CTCCAGCTCTACCT-
TACAGTTGA-3'; Apom [iff#: 5'-TAACTCCATGAAT-
CAGTGCCCT-3", Fi#: 5 -CCCGCAATAAAGTAC-
CACAGG-3'. i ik Hspal2a (1) AR5 5 F BA 1 5t R
(R HEIEMREARATD .
12 Fik
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N GEO ¥ 7, 345 8 W 45 L o FLA 8l 25
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V- (n=3), 1# /il GraphPad Prism 8 #i|/f & J5 &, 1§ H
REAFHIE R BB DS LB ol B 22 S5 BE A
kRN P < 0.01 Hllog,FCl > 2.
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WT /)N BRI Hspal2a™ /)N 843 990 I8 % 3 55 LPS
(5 mg/kg) B A £5 7K (normal saline, NS) , ¥ /N i 77
N NS-WT 41 . NS-Hspal2a™ #H . LPS-WT 41 Al LPS-
Hspal2a™ . VES G 6 hdbAT A NAS I AT 247 o
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LPS(5 mg/kg)/EH 0.2.4 16 h J& 18 F B 4%
S I /N BRI o [RJ IS 7E b 3 B ) B Py 4 8 S
T4t 0 5 VE AT BN IE S VR 43 . BRI R AE
2 min N )R AFITES, 4 73 GEHD < /ANRBA H L
R L3 A BRI PGEE B, WA 7 4 5 3k B A
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F 3 HEEAROK 5 2 43 CR A BED - H B K I )
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LPS 5 NSEFH 6 h Ji= 4l F] ALC-NIBP Jc 6 IfiL <
T EAX R G & /N IR K (systolic blood pressure,
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5 72 I (aspartate aminotransferase , AST) « 15y % J&
fig & [ BH [ B Chigh-density lipoprotein cholesterol ,
HDL-C) FI %5 2 Jig 25 1 IH [ B (low-density lipopro-
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LPS B NS I 6 h J& , /AN b A iz 41 24
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PRV O A R i B s G it .
L FE FERRYE Chiu” s PP AR E Y EAT 1 4, Bofdk
PR ARG T IR 98B 1EH (0 73D s FESR BT
S H M S B S TRD R AT OK, PR B4 L
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KEE, 7> BT % (370D B K EHH
JZRLTE, BN 5K (450 s [FH 28R, £ 1 i
Bt (570D o A 3451405 A% B R 4l 225 STk
RFRAEHEAT VF 31 IR L2100 40 s 2 7 K
JHECL ) 5 JH 40 B B S A A (2 73D s IR AL 24 0IR
SRAE A o S fi bk 28 A4 40 R0 (3 ) U 52 5T 4
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8 1 A VR FRBUAL 2 Wi BT At 3R B0 77 V5 N 6~8 Tl e
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T T Y e DR A VR M, SR 5 A 0.06% 1 IV Y
2 D I RV T A U o WA B RV AL P OE BL 50 g
B0 3 min, 455G AR A U0TE B85 A AE A IR R
A% B 40 i 8 TR AR . AR & 10% 16 2 1
& I DMEM 135 3% 16 h )5 , #EAT Hspal2a B3 P
B ONC) 975 355 4%, 24 h Ji5 4 F LPS (500 ng/mL) 5%
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RIPA ¥ B BE & v, TRONAHE BE ML 78 20 BB 0K |
244 30 min, AR SR E 5T, A A BCA VR 2 22 E
W FE s BAE B 8 1 D R UK, B, 5% it T 2 5
S 2 hy B SR b R AR (TBST) Peifk i 3 4K,
7 min/P, I —H14 CHF & 11 TBST Pelk B 3 X,
7 min/{%; Z iR M ZHUiE E 1 hs TBST PG 3 X,
7 min/I%; ¥ ECL 5277035 519 2 1, Jfil il ECL
RACNGHAT AL .
1.2.10 RT-PCR

Fo RS T HRE 16 77751, B 60 mg fF2H 2, 14
TRIzol i 742 HUZH ZX 4 1 8 mRNA, Bl 5 13 4% 5% ik
¢DNA. {# [ SYBR Green Master i i % J; %€ £ PCR
RS I (R R I K
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AN RS — BB R 2023 2 12 H—
2024 4% 3 A AE R A B 2L 30 41, o2 ik E
i T RE 4047 1 S8 35 15 8, RS e R hE A T g
149 ELAF W8 R ) A DT AT ) B 3 15 B4 o xR
. B HCT AR R R G ] 1 B
i PR 9% ) I HE At S5 N LA DG I R B « A B
OFF & M F5E 3.0 12 W br "™, RV AT S J g B 5%
8 H E WV =2.0 5 s @QFF & AR 2
P, BN EDFFA LR 1A ALT JHi 1% 8L
AST FtE 15 o HEBRARHE : O FF AT 8 sl 358 43
DI ; @b g 23048 4 55 4 IR 230E 5 00 BF 303 5
OREA: A7 TE NS P 5 VB RS 14 93 45 s DA IR N
1CU Rl 2 9 B P 8 2tk A s RHE 9
A5 B PE B . AHIE T2 et R R K 25— P JE I
BEAe B2 A 4L (1R B 5 : 2022-SR2-149) 6
13 it nk

K H GraphPad Prism 8 #1447 Ge it 73 #r s
FFEIESD M E TR I £ b G+ 0K
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F Mann-Whitney f % . & P 50RHH SR =, R H
RIHH . P<0.05 8%ERH G %5 .

2 # R

2.1 LPS#HEFIRAFZLE
K FH 222 G 14 T 400 B B ) 3 B S0 il 40 LPS

JE R S 15 5 /0N BN B R IMURE B A, 45 L SR LPS
(5 mg/kg) 1EFH 6 h Jm /N B H IS B9k 55 (P < 0.001)
PRIR B (P < 0.001)  IfiL SO, &K (P < 0.01) .+ Il PO,
FEAIR (P < 0.01) FTSBP P (P < 0.01), Tfif Ifil PCO, 3
(P <0.05, I 1A~F) . #4305 H % 45 B IR, LPS
SR T A ) 2H 2R 5 4 VR o 8 3 e (B 1G
H). PLESE R L LPS(5 mg/kg) AL FH 6 h i 5/ B
PN B B IMRE AR AR s T
2.2 HSPAI2A £ R & & i )y KA B2 P & K TEK

U 4 AT AT 78 2 B HSPA12A W8 N B &
FTE i34, A 7 IR HSPA12A &R 5N R
ISE AT TR A A 2%, ASHIF 78 1 56 R SL s 1
H I GEO B 42 (GSE160380) , 7E1% RNA I 7 # #
PR Y 22 Bl AR T 2R 1 ) mRNA R IEE s . Wl
2A FioR, SBFARALE, B L5 L5 3 1k
BRIEZH /N U 4 A IR T B R TR PR T A SRR
I 1T ANRIEAAS . Fort, Hspal2a ) mRNA RIA
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itk — 5 B A HSPA 12A 48 A 76 N 55 2 MLAE T
P 2R T R FRAR AR AN, SR FH 2 T 1 TR 4 B 1) 32
B o LPS 755 N B & MUAE LAY, T LPS /E H
6 h JG AR T2 SR AT S B BN o BT o S5 R R,
LPS-WTZH/NRATZHZA A HSPA 12A B /KA NS-WT
HIRE TR (E 2B, P<0.05).
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N 7 k25 B HSPA 12A 7F N 5 % IfU5E BT 8
JH-A5 A5 AR S AR 8K F AT 8 1Y) Hspal2a™”
/N BRI 2 B8 43 BT UIE S HSPA12A 76 AT H
AFRIECE3A) . B85 R Hspal2a” FTWT /N,
53 545 T LPS NS g s i3 54, 6 h J5 RAE I , M
5 L I 35495 b S ALT R AST 35 14 7K F .
45 RN 3B AT, 5 NS 4L EE, LPS &3 T+ s WT
S5 A Hspal2a™ B ALT(P < 0.05, P < 0.001) Al AST
(P <0.01, P <0.000) 7KF, 1fi 5 LPS-WT 4 b 4%,
LPS-Hspal2a™ 41N ALT(P < 0.0 DATAST(P < 0.05)
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FORE 99 I B B N (P < 0.001), 1 5 LPS-WT
Y LLEL, LPS-Hspal2a™ 4 /N B0 2345040 VF- 73 B 1
(P <0.05), BRI IEHET 2 (P <0.01, B 3C~ED.
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A, B: Activity index (A) and body temperature (B) after LPS treatment in mice. Compared with 0 h, 'P < 0.05, "P < 0.01, ""P < 0.001 (n=3).
C—F: Comparison of SO,(C), PO,(D), SBP(E), PCO.(F) between the NS group and the LPS group, P < 0.05, "P < 0.01(n=3). G, H: HE staining of
intestinal tissue(G), hepatic tissue(H), and comparison of histology score between the NS group and the LPS group(Scale bar: 50 pm). P < 0.001(n=3).

1 LPSiFS/IRASERME

Figure 1 LPS induced mice endotoxemia
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A: Volcano plots showed differentially expressed heat shock protein mRNAs between the CLP group and the sham group. B: Comparison of protein
expression levels of HSPA12A in NS and LPS groups, P < 0.05(n=3).
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Figure 2 HSPA12A expression was reduced in livers of endotoxemia mice
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A: HSPA12A was not expressed in the liver of Hspal2a™ mice(n=3). B: Comparison of ALT and AST level in each group(n=8). C: Representative
graph of HE staining of hepatic tissue in each group (n=3, Scale bar: 50 pm). D: Comparison of histology score in each group (n=3). E: Comparison of
inflammatory foci/mm?* in each group, P < 0.05, P < 0.01, P < 0.001(n=3).
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Figure 3 Hspal2a knock-out exacerbated liver injury during endotoxemia
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Apom(P < 0.001) ff) mRNA ik /K23 F .

A B
Grou @ Sham
Groupf 1> p
Toomss,
Apob 0 ok ok ok
I—O.S S 1 1 ™
-1.0 Z 0 %
-15 %
Apom =
2
3 0.5+
<
o=
Apoal ﬁ
0 T
Apoal Apob Apom
C ~ @ Sham D ® Sham E ® Sham
- 1.5 ® CLP _ 157 . ® CLP _ L5+ o CLP
< » O =
% 1.0 Z 1.0 % 1.0+
=
<
T 0.5 s 0.5 T 0.5
= -5 =
E = =
< = =
0- 0- 0-
N w N @ N w
o I I
SRS ¥ ¥
Q
R

A: Clustering analysis of Apoal, Apob and Apom in the livers between cecal ligation and puncture (CLP) and sham mice (n=3). B: Comparison of

Apoal, Apob and Apom mRNA level between CLP and sham mice (n=3). C~E: Comparison of hepatic Apoal (C), Apob(D), and Apom (E) mRNA levels

in WT and Hspal2a™” mice during endotoxemia. “P < 0.01,"

P <0.001(n=4).
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Figure 4 Hspal2a knockout reduced apolipoproteins mRNA expression in liver of endotoxemia mice
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Comparison of protein expression level of hepatic ApoA1(n=5), ApoB (n=5) and ApoM (n=4) between WT and Hspal2a™ mice during endotox-
emia. ‘P <0.05,"P <0.01.
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Figure 5 Hspal2a knockout reduced apolipoprotein protein expression in liver of endotoxemia mice
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Comparison of HDL-C(A) and LDL-C(B) level in serum of WT and Hspal2a™ mice during endotoxemia, P < 0.01(n=8).
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Figure 6 Hspal2a knockout reduced blood lipid level in endotoxemia mice
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Figure 7 Hspal2a overexpression alleviated LPS induced hepatic injury
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Table 1 Comparison of clinical data between two groups

Variable Control(n=15) Sepsis with liver injury (n=15) P

Sex[n(%)] 0.705

Male 9(60.00) 10(66.67)

Female 6(40.00) 5(33.33)
Agel years, M(Pas, Pss) ] 68.93(62.00,75.00) 73.80060.00,92.00) 0.327
ALTLU/L, M(P»s, P:5) ] 15.40(11.40, 18.70) 84.60(43.10, 143.40) <0.001
ASTLU/L, M(Pss, Pr5) ] 21.60(19.00,28.90) 93.00(74.90, 174.10) <0.001
HDL-C[ mmol/L, M(Pss, P7s) ] 1.280(1.000, 1.520) 0.52000.490, 0.630) <0.001
LDL-C(mmol/L, x + 5) 2.919 +0.847 1.671 £ 0.766 <0.001

34t it

AT T R B N B 2R IMLE /)N BT 2 HSPA12A
FIE AV BAK, T Hspal2a FE KRR INE 7 N &R
IS B ST 45455« WL, Hspal2a 3 KRR 2 A
B MUAE (0] 1 — 2D PRI T 206 52 1 ApoA 1. ApoB
1 ApoM 132 3% 7K F, [l i 26 B, 4 54 #9 HDL-C Al
LDL-C 7KF o 3k — 5 MR A4l g 52 536 R R, ik 3R IA
Hspal2a f8 4% 0038 P 8 2 MUOE T SO B4 . X 2R

HSPA12A 25 P 8 2 MU FH 453 (R B3 1A AT
e S4ER IR EUIR B B LR E AR K.

PR E AR —RER b EEERTHER
PEABEE 500, B T KI5 T FRABAE A1, 2 Rk
TLER IR 2 5 YRR HE TR AE 4 16 2 B IR AR 9 2D
REARAST T, (EAE R #IR T B 1 70 SR I HT A
HSPA12A (AP 2= DI RE R S8 = 1 B o AHE 7R K
B, P #E 2 E /) BRZE L3 ALT A AST /K 7 &8 2
Th & B [, I HSPA12A %35 7K F B AR, R



* 624 ¢ Moa B R K % R

F44BHES W
2024 F5 H

HSPAI2A A 862 5 7 35 5 IURE 453 493 000 2R
RE o 3t — DI BN, Hspal2a 35 DRI R R 32 35 N &2
P 2 2 IIUAE /) RS D e 43 55, 487 P9 35 3 ILSE 15
S AT HSPA12A 315 i, 7 HSPA12A 1A K i
TUHEERD T P B 2R ILE P 005 0 AR R e

DAAETIE 502 B, I8 o A i 25 L 2 348 ik 25 05 AT
P 1 B R A 22— BREE B I 2 R ApoM
WP AR L5 2 bR 5 5 R 56, T ER IR B E
T ApoM N B 55K H. ApoAT BA K ApoB
FERETREP ., — IR LA BT R
ApoAl X R #RAE B A LR E Y. Ak, 2T GEO
HH 5 23 Bt B R B B0 1 Apoa I < Apob Fil Apom [T
mRNA RIEKF K, IR n R E O RE TR LT
R FRE /N RAFTh e TR IIRA . ik, A0 585
Br 7 AE 9 55 K ML SE AR HSPA12A % ApoA 1. ApoB Al
ApoM EFHEE B RIE W . 4R EIR, Hspalla
FEIR it — 2B PR T ApoA 1. ApoB Al ApoM [f1RIA
K, W HSPA12A 78 N 55 3 MLE S B 520 1
BNEE A A B AT PRI CR IDhRE . JIH [
F& — P S B2 T, BF 95 3% B K 3 0E 9 1R] HDL-C™
LDL-CPR B R B2 B 5 R WU A OG> FE
EREAOREMEESRE, 255 RERERQ
ApoAl B J ApoM 25 4 i % HDL-C, i 2 54
B ApoB 45 & 338y LDL-C> . ik 35 £ 1T 2 g
A4 HDL-C 7K~V 38 5 B, $aivE HDLASAL A v ik
BTG . (RISt A 0F 7T 2% B A 9 4 LDL ]
% LPS BT B0 JORERY . AR T 45 IR o, TEX
B 2 MUE P Rk Hspad 2a 2 R /)N R MLIS AR HDL-C
ALDL-C/KFFEM&. 4 T I HSPAI2A 7 2 5
PN 25 2 IUAE 45049 R R 4 4 5 AR BT 5730 ot 41 ff =5
U635t 3k Hspal2a, K LPSAE FH T4 MRl 9 2
MLAE FF AR A A Y, 25 ORI Hspal2a i R IE W T
LPS 5| & AT 40 i b3 sh ALT A AST 7KF (1 T, %
B Hspa12a i FIB Y T N 85 26 MURE A 1% 48
45 AR TN Hspal2a F5 R i B 5 85008 )™ 56 (0 R4 43
Al AESEE B AR B AR IEA X 1 Hspal2a
Tk F A ORI P 2 AL A, I T B 4R RE R
JEE AR EANRESHE XK. H—J7h, A UREH
[ o 5 5] B2 BT I PR AR B 3347 43 BT, R B
BEE IR R Th e 4549 1) B8 3 3K A ALT Al AST 7K
S AH LG AR R #0E 2 3 T 1 HDL-C R LDL-C
KPR 3 PRI, i — DR B hE 3 BUF DhRe 4%
ARe S B MR ARE A0 A K.

ZE LRk, AT KB HSPA 1A RIE NN S

TN REER MUAE 4% 1A FL AT e 5 4l I 31R

B A ARIL PRI HDL-C M LDL-C 5 5. T

HSPAT2A FRIEKP AT OR3P 2 2 ILAE T 350 A0 453

Pi, e B g RIEEAMNBEREAREN S,

N R EAHSGIR T S it 7 I AL AR Bl Rl 2R,

HSPAT2A 7E P &5 3% MUE T BOF453 07 H B B AR R

PUHLEA Fr it — B IRAIRTT.

a4l

[1] CHIU C, LEGRAND M. Epidemiology of sepsis and septic
shock[J]. Curr Opin Anaesthesiol,2021,34(2):71-76

[2] HUANG M, CALS, SU J. The pathogenesis of sepsis and
potential therapeutic targets [J]. Int J Mol Sci, 2019, 20
(21):5376

[3] CARABALLO C,JAIMES F. Organ dysfunction in sepsis:
an ominous trajectory from infection to death[J]. Yale J
Biol Med, 2019, 92(4): 629-640

[4] MUNIZ-SANTOS R, LUCIERI-COSTA G, DE ALMEIDA
M A P, et al. Lipid oxidation dysregulation: an emerging
player in the pathophysiology of sepsis[J]. Front Immunol,
2023, 14: 1224335

(51 & 5,5k =800k 5 Sk s8N S I
HARRLRER TIPSR ARL] AR 2 e AR
£,2021,27(2):131-134

[6] HOFMAENNER D A, KLEYMAN A, PRESS A, et al.
The many roles of cholesterol in sepsis: a review[J]. Am
J Respir Crit Care Med,2022,205(4):388-396

(71 T L #6805 7, 5 kdE S E mE R EA
JOE TP 7K~ P A e 2 HonS j 3 T i sl L) 1. e e
LB BRI A&, 2020, 19(11): 822-827

(81 5 &k, F K RUGE, & MRV 5 kAR £ T
JEIRSAEBEFELT]. B T, 2015, 50(4): 94-96

[9] MAO Y, KONG Q, LI R, et al. Heat shock protein A12A
encodes a novel prosurvival pathway during ischaemic
stroke [J]. Biochim Biophys Acta Mol Basis Dis, 2018,
1864(5 Pt A): 1862-1872

[10] DU S, ZHANG X S, JIA Y, et al. Hepatocyte HSPA12A
inhibits macrophage chemotaxis and activation to attenu-
ate liver ischemia/reperfusion injury via suppressing
glycolysis-mediated HMGB1 lactylation and secretion of
hepatocytes[J 1. Theranostics, 2023, 13(11):3856-3871

[11] DAIY,LIU J,ZHANG X, et al. HSPA12A improves endo-
thelial integrity to attenuate lung injury during endotoxemia
through activating ERKs and Akt-dependent signaling[ ] ].
Int Immunopharmacol, 2021, 99: 107987

[12] ZHANG X J, CHEN X, QI T, et al. HSPA12A is required
for adipocyte differentiation and diet - induced obesity

through a positive feedback regulation with PPARy [J].



4455 5 1
20245 A

FiRES, SLK, T IEE. SR A A12A X P4 75 2 MR FT 35405 O 48 i S LI ae oe 0 .
MR ERR RS CH R R 2E R , 2024, 44(5): 615-625

° 625 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Cell Death Differ,2019,26(11):2253-2267

WALLEY K R, THAIN K R, RUSSELL J A, et al. PCSK9
is a critical regulator of the innate immune response and
septic shock outcome[J]. Sci Transl Med, 2014, 6(258) :
258ral43

CHIU C J, MCARDLE A H, BROWN R, et al. Intestinal
mucosal lesion in low-flow states. I. A morphological ,
hemodynamic, and metabolic reappraisal[J]. Arch Surg,
1970, 101(4):478-483

JIA L, ZHANG M H. Comparison of probiotics and lactu-
lose in the treatment of minimal hepatic encephalopathy
in rats[J]. World J Gastroenterol, 2005, 11(6):908-911
KONG Q, LI N, CHENG H, et al. HSPA12A is a novel
player in nonalcoholic steatohepatitis via promoting nu-
clear PKM2 - mediated M1 macrophage polarization [J].
Diabetes, 2019, 68(2):361-376

SINGER M, DEUTSCHMAN C S, SEYMOUR C W, et al.
The third international consensus definitions for sepsis
and septic shock (sepsis-3) [J]. JAMA, 2016, 315(8) :
801-810

SHI W, CHEN J, ZHAO N, et al. Targeting heat shock
protein 47 alleviated doxorubicin-induced cardiotoxicity
and remodeling in mice through suppression of the NLRP3
inflammasome[J 1. J Mol Cell Cardiol, 2023, 186:81-93
SCHLEEF M, ROZES M, PILLOT B, et al. Heat shock
protein 70 is involved in the efficiency of preconditioning
with cyclosporine a in renal ischemia reperfusion injury
by modulating mitochondrial functions[J]. Int J Mol Sci,
2023,24(11):9541

REHATI A, ABUDUAINI B, LIANG Z, et al. Identifica-
tion of heat shock protein family A member 5 (HSPAS)
targets involved in nonalcoholic fatty liver disease [J].
Genes Immun, 2023, 24(3): 124-129

VAN WYNGENE L, VANDERHAEGHEN T, TIMMER-
MANS S, et al. Hepatic PPARa function and lipid meta-
bolic pathways are dysregulated in polymicrobial sepsis[J].
EMBO Mol Med, 2020, 12(2): 11319

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

KUMARASWAMY S B, LINDER A, AKESSON P, et al.
Decreased plasma concentrations of apolipoprotein M in
sepsis and systemic inflammatory response syndromes[J].
Crit Care,2012,16(2): R60
M Ul o SO0, HCRnE R B R IR AR 3L 5 e e T e
AN 15 L2 TiUs BOAR GE 23 ML) 1. R B2 24, 2023, 18
(1D:71-76
LOU C, MENG Z, SHI Y Y, et al. Genetic association of
lipids and lipid-lowering drugs with sepsis: a Mendelian
randomization and mediation analysis [J]. Front Cardio-
vasc Med,2023,10: 1217922
TANAKA S, COURET D, TRAN-DINH A, et al. High-
density lipoproteins during sepsis: from bench to bed-
side[J]. Crit Care,2020,24(1): 134
WALLEY K R, BOYD J H, KONG H J; et al. Low low-
density lipoprotein levels are associated with, but do not
causally contribute to, increased mortality in sepsis [J].
Crit Care Med, 2019,47(3):463-466
X<, B MRS ICU JREEIE B Filfs O F
FUL)]. HE BE 2546 2015, 13(21): 131-132
HEEREN J, SCHEJA L. Metabolic-associated fatty liver
disease and lipoprotein metabolism[ J]. Mol Metab, 2021,
50:101238
LUO G, XU N. Apolipoprotein m: research progress and
clinical perspective[J]. Adv Exp Med Biol, 2020, 1276:
85-103
STASI A, FIORENTINO M, FRANZIN R, et al. Benefi-
cial effects of recombinant CER-001 high-density lipopro-
tein infusion in sepsis: results from a bench to bedside
translational research project [J1. BMC Med, 2023, 21
(1):392
RADFORD-SMITH D E, YATES A G, RIZVI L, et al.
HDL and LDL have distinct, opposing effects on LPS-
induced brain inflammation[ ] ]. Lipids Health Dis, 2023,
22(1):54

(Wi BHA] 2023-12-21

(RXHRAE: % FD)



