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Highlights:

(1) It was demonstrated that the stimulator of interferon gene (STING) in mouse dendritic cells

(DCs) was significantly activated under simulated sepsis, and it had a pronounced promoting
effect on acyl-CoA synthetase long-chain family member 4 (ACSL4)-mediated ferroptosis in DCs.
(2) It was confirmed at the animal level that inhibiting STING activation could significantly improve
ACSL4-mediated ferroptosis in DCs under sepsis in mice, opening up new directions in the

strategy for precise immunoregulation of sepsis.
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[ Abstract] Objective To investigate the effects of stimulator of interferon gene (STING)
on ferroptosis mediated by acyl-CoA synthetase long-chain family member 4 (ACSL4) in mouse
dendritic cells (DCs) under sepsis, providing a basis for improving the dysregulation of immune
response in sepsis caused by factors such as wound infection. Methods This study was an
experimental research. The mouse DC line DC2.4 in the logarithmic growth phase (with passages 3-
10) were divided into lipopolysaccharide (LPS) stimulation 0 h (unstimulated) group, LPS
stimulation 6 h group, LPS stimulation 12 h group, LPS stimulation 18 h group, and LPS stimulation
24 h group according to the random number table (the same grouping method below), which were
cultured with 1 pg/mL LPS (the same concentration below) for the corresponding time. The protein
expressions of phosphorylated STING (p-STING), STING, and ACSL4 in cells were determined by
Western blotting. DC2.4 successfully transfected with lentivirus containing STING gene small
interfering RNA (hereinafter referred to as siSTING) were divided into siSTING+phosphate buffer
solution (PBS) group and siSTING+LPS group. DC2.4 successfully transfected with empty lentivirus
were divided into empty vector+PBS group and empty vector+LPS group. After being stimulated
with PBS or LPS and cultured for 24 hours, the protein expressions of p-STING, STING, and ACSL4 in
cells were determined as above. Cell lipid peroxidation degrees were observed using the lipid
peroxidation assay Kkit, and cell apoptosis rates were detected using flow cytometry. The sample
numbers in the above cell experiments were all 3. Eighty male C57BL/6] mice aged 6 to 8 weeks
were divided into sham surgery+normal saline (NS) group, cecal ligation and puncture (CLP)+NS
group, sham surgery+C-176 group, and CLP+C-176 group, with 20 mice in each group. Mice in the
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two C-176 groups were intraperitoneally injected with C-176, while mice in the two NS groups were
intraperitoneally injected with an equivalent volume of NS. One hour later, sham surgery was
performed on the mice in the two sham surgery groups, and CLP surgery was performed on the mice
in the two CLP groups to establish a sepsis model. At 24 h post-surgery, 10 mice from each group
were sacrificed to extract spleen DCs, and protein expression, lipid peroxidation, and apoptosis rates
were detected as above (n=3). Hematoxylin-eosin staining was performed to observe pathological
damage in the heart, liver, lung, and kidney tissue. The remaining 10 mice in each group were
observed for survival within 7 days after surgery. Results The protein expressions of p-STING,
STING, and ACSL4, as well as the p-STING/STING ratio in DC2.4 in LPS stimulation 24 h group were
significantly higher than those in LPS stimulation 0 h group (P<0.05). After 24 h of culture, the
protein expressions of p-STING, STING, and ACSL4 in DC2.4 in siSTING+LPS group and empty vector+
PBS group were significantly lower than those in empty vector+LPS group (P<0.05); the lipid
peroxidation degrees of DC2.4 in siSTING+LPS group and empty vector+PBS group were weaker
than those in empty vector+LPS group. The apoptosis rates of DC2.4 in empty vector+PBS group,
empty vector+LPS group, siSTING+PBS group, and siSTING+LPS group were (15.7+3.0)%, (37.8+
2.9)%, (13.1£2.1)%, and (20.6%£1.8)%, respectively. The apoptosis rates of DC2.4 in empty vector+
PBS group and siSTING+LPS group were significantly lower than that in empty vector+LPS group (P<
0.05). At 24 h post-surgery, the protein expressions of p-STING and ACSL4, and the p-STING/STING
ratio in spleen DCs of mice in CLP+NS group were significantly higher than those in sham surgery+
NS group and CLP+C-176 group (P<0.05); the protein expression of STING in spleen DCs of mice in
CLP+NS group was significantly higher than that in sham surgery+NS group (P<0.05); the lipid
peroxidation degrees of spleen DCs of mice in CLP+C-176 group and sham surgery+NS group were
weaker than that in CLP+NS group. The apoptosis rates of spleen DCs of mice in sham surgery+NS
group and CLP+C-176 group were significantly lower than that in CLP+NS group (P<0.05), and the
apoptosis rate of spleen DCs of mice in CLP+C-176 group was significantly higher than that in sham
surgery+C-176 group (P<0.05). Pathological tissue damage in the heart, liver, lung, and kidney of
mice in CLP+NS group was significantly worse than that in sham surgery+NS group, while such
damage in the above organs of mice in CLP+C-176 group was significantly alleviated compared with
that in CLP+NS group. The survival ratio of mice in CLP+NS group within 7 days after surgery was
significantly lower than that in sham surgery+NS group (x’=8.30, P<0.05). Conclusions Under
sepsis, STING activation in mouse DCs is significant, which enhances ACSL4-mediated ferroptosis.
Inhibiting STING activation can significantly reduce ACSL4-mediated ferroptosis level in mouse DCs
under sepsis, thereby improving the survival rate of septic mice.
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Figure 1 The protein expressions of STING, p-STING, and
ACSLA4 in mouse DC line DC2.4 in 5 groups detected by Western
blotting

AT i R AR A OLE T2 O IR0 A ]
IR s JCOER B WL 2.

100 wum 400 um 100 pm s

TE = 25 O BT I 3R AR PRI 7 JE RN T4 RNA CF B
SISTING ) ZHL 20 73 31 % e 2 s M 45 L 35 siSTING P , 25
o HE AL 20 AN i RIS

B2 2Rl R SCRAIE(DC) & DC2.4 KRS 72 h 5
25 PN B2 A0 M AR B P 8] A5 9800 Rk I A 111200,
2A 2B 2C. SRl A A HEAE A5 R 2] | siSTING 4, €] 2A T
YOI, 2B 20 #EAF ] AR Ok

Figure 2 The fluorescence expression of mouse dendritic cell
(DC) line DC2.4 in 2 transfected groups at 72 h post-transfection

and cells in blank control group at the corresponding time point
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Figure 3 The protein expressions of STING, p-STING, and
ACSLA4 in mouse DC line DC2.4 in 4 groups after 24 h of culture

detected by Western blotting

T2 441/hDC & DC2.4 153% 24 hJ5 STING
K p-STING 5 ACSL4 8 (A F IR LA (7 + 5)
Table 2 Comparison of the protein expressions of STING,
p-STING, and ACSL4 in four groups of mouse DC line
DC2.4 after 24 h of culture

215 FEAZL  p-STING STING ACSLA
2 AR+PBS 4l 3 0.67+0.12  0.67+0.18  0.70+0.51
2R AR+LPS 4 3 1.73+0.47  1.29+0.09  1.41+0.30
siSTING+PBS 4 3 078:0.11  0.72¢0.09  0.41£0.27
siSTING+LPS 2 3 071:0.10  0.60£0.17  0.53+0.34
P A 0.041 0.025 0.034
P, {4 0.936 0.436 0.571
P A 0.043 0.021 0.023

T DC N SR 40 B, STING - $t 28 35 IR il 8 I8+,
p-STING AR 1k STING , ACSL4 A BEILHH I A A K 55 R
B4, PBS B FRER 2% sl LPS N #E 2/ 20 s 25 # AR+ PBS 411
23 AR+ LPS 140 e % e a5 #AS R #E (STING ZE/NTHE RNACT
FR siSTING ) +PBS £H Fl siSTING+LPS 41 411 g /5 4% Y % siSTING 1255
B SRR 24 PBS AL 40 A 53 45 T PBS M (2 4~ LPS 4L 4l 53 45 7
LPS 4138 ; p-STING ,STING , ACSLA (14 20 o 5% Yt S 10 (1 = 35007, F {8
43504 8.81.10.42,51.23, PH 4351 27 0.097..0.084 ,0.019 ; Fil 25 5
{4 2O, FAE AR 51 10.94.5.07.,17.04, PAE 4> 514 0.080.0.153
0.054; — & L HAEH, F{H 5 514 34.35.70.51 . 24.41, P{E 5 514
0.027.0.013.,0.038; P i1 2y 45 48K +LPS 41 5 %5 # AR +PBS 41 4 46 7
He A it , P,{E A siSTING+LPS 41 5 siSTING+PBS 4145 F5 #s Lo 4
3, P, {H M siSTING+LPS £ 5 25 #A+ LPS 4154545 LLA T 1%

AN, F=87. 61, P=0. 011 ; 41 L % Ye 24 W 11 3%
BP . F=51.22, P=0.019; ~# 32 T il , =26. 58,
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(54.0+2.9)% . (86.4%0.8)% 55 (74.3+3.0)% ( &
R R [ =300, F=975. 20, P=0. 001 ; 1l 771 21 AU
B FE RN, F=15. 48, P=0.058; - #3 HAEM , F=
3.67,P=0.195) . f T AR+4FEHIKH . CLP+
C-176 41/ R A0 B 9/ T Z 4 B B I F CLP+A:=
KA (PAE 535124 0. 008 .0. 042) , CLP+C-176 41 /)N
LA AL A TR B TR TR +C-176 A (P=
0.015),
2.5 /NEAS RS ERH 2

AR JG 24 h, CLP+/: BRER K 4L /N Floy F il
o B H 2 A P4 AR T R + AR FER VK 4H B I8 fin
Horp O WA 4EHEP ZE 6L TR S5 R 28, Il B 3
JE K, BN B i B I A A R 3T 5 CLP+
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Figure 4 The lipid peroxidation degrees in mouse dendritic cell (DC) line DC2.4 in 4 groups after 24 h of culture

R®3 AH/NRARST 24 hIfNEDC H STING 2 p-STING 15 ACSLA B ZE A FRB AL (7 + 5)
Table 3 Comparison of the protein expressions of STING, p-STING, and ACSI4 in spleen DCs in

4 groups of mice at 24 h post-surgery

21531 FEAZL p-STING STING p-STING/STING HAH ACSL4
BT AR+ HEER KA 3 0.71+0.13 0.68+0.13 0.824+0.295 0.54+0.11
FAR+C-176 41 3 0.58+0.10 0.88+0.22 0.679+0.099 0.35+0.20
CLP+AE B ER K 41 3 1.36+0.14 1.00+0.06 1.483+0.108 1.15+0.08
CLP+C-176 4 3 0.68+0.15 1.06+0.23 0.628+0.173 0.46+0.18
P A 0.049 0.033 0.008 0.032
P A 0.763 0.094 0.604 0.538
Pfa 0.048 0.499 0.004 0.025

T : DC R SR AL, STING T 2 3L I 7, p-STING 2 16 STING , ACSL4 hy Ik SEAH B A 15 BRI 4 AR 01 4, CLP A H W
EFLEEAL BT AR+ BER K 2 CLP+AE BEER K A1/ B 0 AR BER K R 40 AT F R L CLP AR, 3B F AR +C-176 41 . CLP+C-176 £ /N B G
C-176 Ja - iMAT I FAR .CLP A ; p-STING .STING . p-STING/STING , ACSL4 A il 37 2 8 (1) =287 , F{E 43510 15.41.2.88 .7.64 . 11.22, PH 435
90.059.0.231.,0.109,0.078 ; & B2 Y T340 , F A3 % 4 30.40.,29.20.8.70,69.56, PAH 435147 0.031..0.032.0.098 .0.014; —F A HAEH , FIH
SR N 17.55.6.64,182.90,25.42, P 435129 0.052 .0.123 ,0.005 ,0.037; P {4 g CLP+/E BEE /K 21 5 {5 PR+ BIER K 4L 545 b5 A BT A5, P, (H
4 CLP+C-176 41 5 F-R+C-176 L& FE AR LT, P E A CLP+C-176 4115 CLP+AE BIER /K 20 A48 b LA T At
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B 5 B A DAY 4 4L/ BUR JE 24 ho i IE DC
STING % p-STING 5 ACSLA (i 85 H # ik

Figure 5 The protein expressions of STING, p-STING, and

ACSL4 in spleen DCs in 4 groups of mice at 24 h post-surgery

detected by Western blotting
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LPS 5 38 Fsf i) 55
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Figure 6 The lipid peroxidation degrees in spleen dendritic cells (DCs) in 4 groups of mice at 24 h post-surgery
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Figure 7 The survival ratio in 4 groups of mice within 7

days after surgery
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