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SIRT7 protecting hepatocytes from LPS or D-GalN/LPS-induced apoptosis by attenuating endoplasmic
reticulum stress via inactivation of GRP78
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[Abstract] Objective - To investigate the effects of SIRT7 on acute liver injury induced by lipopolysaccharide (LPS) or D-galactosamine (D-GalN)/LPS
and its mechanisms. Methods - Thirteen-week-old C57BL/6] mice were randomly divided into normal saline group (n=5), LPS group (n=7), and D-GalN/
LPS group (n=8), which were respectively intraperitoneally injected with normal saline, LPS or D-GaIN/LPS. The serum and livers of normal saline group
and LPS group mice were collected 24 hours after the injection, and the samples of D-GalN/LPS group were collected 8 hours after the injection. Liver
pathological changes were compared by using H-E staining, and serological indicators of the mice from three groups were also compared. Liver apoptosis
and inflammatory cells infiltration were determined by TUNEL staining and F4/80 staining. Meanwhile, the mRNA levels of SIR77 and inflammatory
factors, including interleukin-1p (/L-1p), IL-6, and tumor necrosis factor a (7NF-a) in livers were detected by realtime-PCR. Western blotting was used
to detect the protein levels of SIRT7, cleaved-caspase3 and the 78 kDa glucose regulated protein (GRP78) in mouse liver tissues. AML-12 cell line
overexpressing SIRT7 was stimulated with LPS, and Western blotting was used to study the roles of SIRT7 in the endoplasmic reticulum (ER) stress
induced by LPS in vitro. Results - LPS or D-GaIN/LPS induced inflammatory cells infiltration, hyperemia and hepatocytes apoptosis in livers. Meanwhile,
serum glutamic-pyruvic transaminase (GPT) and glutamic-oxalacetic transaminase (GOT) in the mice treated by LPS or D-GalN/LPS were significantly
increased. Moreover, both liver STRT7 mRNA and protein levels were down-regulated, while GRP78 protein in ER stress pathway was up-regulated. In
AML-12 cells, SIRT7 overexpression inhibited LPS-induced up-regulation of GRP78. Conclusion * SIRT7 protects against LPS or D-GaIN/LPS-induced
hepatocytes apoptosis by attenuating ER stress via inactivating GRP78.
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F4/80 (CST, [E) fbifk (1:125) *HE) P dbf7 s %1 Realtime-PCR 51451 %
Tab 1 Primer sequences for realtime-PCR
&, JHEREE Nano Zoomer ({Eky, HA) M % TUNEL
HIF4/80 e o, 453K U BEAL A 20 A HUBF, JRIEE L35~ 3 LB
TUNEL s F4/80 PrtERyZRAR AL H SIRT7  AGCATCACCCGTTTGCATGA  GGCAGTACGCTCAGTCACAT
RPLI3a” GAGGTCGGGTGGAAGTACCA TGCATCTTGGCCTTTTCCTT
1.4 SIRT7 JJiki 564 1L-6"  GTTGTGCAATGGCAATTCTG ~ CTGGCTTTGTCTTTCTTGTTATCT
/I BT P 240 1 ke AMIL-12 W B 5 il 465X T ol % i INF-a.° CCCAGGTATATGGGCTCATACC GCCGATTTGCTATCTCATACCAGG
Ht (ATCC), M & A 10% G 41 iE . A EE 5 11 TCAGGCAGGCAGTATCACTCA TGCAGTTGTCTAATGGGAACGT
# Ny ITS (100 ) (Sigma, SEE ). 40 ng/mL M FEK o oppeimer L1 (ribosomal protein Li3a), B, % 6 (nter
¥y (Sigma, 3 [E ) B DMEM/F12 ¥ 35 &, T 37 'C,  luekin6); “BR¥A3EE T o (tumor necrosis factor o)
5% CO, faifF i B 35 . R e %% 8 % 70% ~ 90% I+
Lipofectamine2000 #4417 (Thermo, FE[E) #EfT pfugw 1.7 Siil*¢iiik

73 = Bk AN pfugw-SIRT7 it 7 (University of California,
Berkeley H(J4) #£%:. 10 cm X232 LAY AML-12 i 4t e
12 g, FORL TR LIS B, 6 h ik 2 H
Fedk, 24 h ks LR AnRE R A 6 LA RN 12 4Lk, %4
08¢ 1 ng/mL 7Y LPS ALF, Afilig 24 h fgWeskai i, T
Western blotting 4347 .

1.5 Western blotting 4§t

BT E TR h Yol g5, 780 WHEE Bk

ALK, AML-12 Z0JH LPS AL S, Wele 4 &k,

BmA RIPA 2% ihifg, #%)5 M 10%SDS-PAGE ik, 4%
BB RN -, 5% Bilg 4wy G, A SIRT7
(1:1000), GRP78 (1:1 000). & & e R & A B 3
(cleaved-caspase3) (1:500). EERILAE 54 S M
1% A F 3 (p-STAT3) (1:1 000), & STAT3 (t-STAT3)
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1.6 RNA il realtime-PCR
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RNA, Flf AMV Jx#3%kKs (TaKaRa, H A ) }f mRNA
s B cDNA, % F Power SYBR green PCR Master
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Frocde, BeihErbxt B Ak K8 ) 28 € & PCR 514
(1),
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Fr A BB S L4 b b - #x GraphPad PRISM 6.0,
xts FoRELA EEEYE, RAAEA K student- #4555 3
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ﬂ‘”ﬂh&u%‘rﬂzﬁﬁﬁ%o 3 41 C5TBL/6J /NG5y BN s 1 55+
BEERJK (n=5). LPS (n=7) #1D-GaIN/LPS (n=8), T
24h|7\]&%§/J~E'&E1‘:‘I% o EEREOR, KA I LPS
2 24 h AR W/NRFET:, D-GaIN/LPS 41/ T{E4t)5 5h
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AU G T T R S M T s vy /N R R R A T B R
bﬁﬁ;o

2.2 LPS il D-GaIN/LPS %5/ EUHIE % A gd 1
TUNEL %t {4 B 7 LPS £ 1 D-GaIN/LPS 41 /N B 19
HMELR =N 40 08 T2, {HAHEL LPS 4, D-GaIN/LPS 44
H’JHHH}H@U‘J]‘:;E& HEZEWL (E2A, B), M, #A
i £h Kk 4, LPS 411 D-GaIN/LPS 4 {9 0 1 AH 5% i B% vh
EI’J cleaved-caspase3 & [9 /k *F- ¥ B 2 7} &, D-GalN/LPS
HI e K (B 2C ~ F), LA E&5RiER, LPS fiI
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Fig 1 Construction and mortality of different mouse models of acute liver injury induced by sepsis
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Fig 2 Hepatocyte apoptosis in the livers of mice induced by LPS and D-GaIN/LPS
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TE: A /NEUITALEY F4/80 fhe 4L e (a5 (ArRN 100 pm, §i3kZos F4/80 PHYEANAR) 5 B. /NG F4/80 Syl fb g (o A5 R s C ~ E. 5 Bk a0 £
AR5 A NG IL-18 (C) . IL-6 (D). TNF-a (E) ¥ mRNA 7k ; F. Western blotting 5y H7 i s 5iE: 22 4 45145 52 B /1N BRUF 20 21 P p-STAT3 Fil t-STAT3
MR A KFs G, H. 532 t-STAT3 (G) F1p-STAT3 (H) 4cHEA% BE4#n B-tublin LU B M & o> Brég tH&5 . " P=0.000, ©P=0.029, °P=0.044, °P=0.047,

©P=0.031, “P=0.018, “P=0.043, “P=0.039

3 LPS #0 D-GalN/LPS i S/NRIFAER £ K JE
Fig 3 Inflammation in the livers of mice induced by LPS and D-GalN/LPS
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F11 D-GaIN/LPS =] B g 4 il /NI SIRT7 fyZik, Hhfi
7 SIRT7 "I REAEMKBEAE T B NT AU R T v R A5 — IR
o esh, TSI/ NEF4127 ERS %+ GRP78 &4
7k, % P LPS 41. D-GalN/LPS 4 %) GRP78 & 5 - ifi
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4120 ERS 15 5@ 1%
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E: A. Western blotting 4) 47 R aE4E 2 PET 5 15 50 NEUTF LN SIRTT 2 (57K F 5 B. SR SIRT7 F1 B-tublin /i & 4 )5 bLAEEA T 4B > HrJEVE K] 5 C. Realtime-PCR
53 BT Mk REAE VAT 451455 BB/ NEUIF L 204 SIRT7 mRNA 7k *F-; D. Western blotting 43 T NS 41, LPS 411 D-GaIN/LPS £ /BT 41418 GRPT8 % [ 7k F5 E. R H
GRP78 Fi1 B-actin [/ B 33 5 LU (G E A TR O M- 1E Bl . © P=0.004, ®P =0.043, °P =0.006, °P=0.003, °P=0.002, °P =0.047

4 BREESMERRG/NRITAES SIRT7 X TEM GRP78 Rix LiR

Fig 4 SIRT7 down-regulated but GRP78 up-regulated in the livers of mice under the condition of acute liver injury induced by sepsis
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