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factor 3 (ATF3) in suppressing lipopolysaccharide (LPS)-induced autophagy and inflammatory responses in
macrophages. Methods Firstly, the gene expression omnibus (GEO) database was used to analyze ATF3
expression in peripheral blood mononuclear cells (PBMCs) from sepsis patients, and gene set enrichment
analysis (GSEA) was performed to identify enriched signaling pathways. Secondly, RAW264. 7 macrophages
were divided into a blank control group and an LPS-stimulated group (100 ng/mL LPS). Western blotting and
immunofluorescence assay were used to detect ATF3 protein expression and observe its subcellular
localization, respectively. Lentiviral transduction was used to generate ATF3 knockdown and overexpression
cell lines to evaluate their effects on cytokine release and bacterial clearance. Cleavage Under Targets and
Tagmentation (CUT&Tag) sequencing was employed to identify downstream target genes transcriptionally
regulated by ATF3. Furthermore, the impact of ATF3 knockdown or overexpression on autophagy-related gene
5 (ATGS5), autophagy-related gene 16-like 1 (ATG16L1), and autophagy levels was evaluated. Results GEO
analysis revealed that ATF3 expression was significantly elevated in PBMCs from sepsis patients (P<0. 01),
and GSEA showed significant enrichment of autophagy-related and inflammation-related pathways (P<0. 01).
In RAW?264. 7 cells, 100 ng/mL LPS stimulation significantly increased ATF3 expression in the nucleus than
the blank control group (P<0.01). ATF3 knockdown led to increased secretions of TNF-a and I1-6 and
enhanced bacterial clearance of macrophages (P<0.01), whereas ATF3 overexpression significantly
suppressed TNF-a and 11.-6 releases, and remained bacterial clearance at a low level when compared with the
conditions in the negative control (NC) group (P<0.01). CUT&Tag results demonstrated that ATF3 was
enriched at the promoter regions of key autophagy genes Atg5 and Aigl6ll. Compared with the NC group,
ATF3 knockdown significantly up-regulated the protein levels of LC3-II/I, ATGS, and ATG16L1 while
decreased p62 expression (P<0.01). Conversely, ATF3 overexpression inhibited the expression of LC3-II/1,
ATG5, and ATG16L1 (P<0. 01), but had no significant effect on p62 level. Conclusion Sepsis induces
elevated ATF3 expression in macrophages, and suppresses autophagic activity and down-regulates pro-
inflammatory cytokines TNF-a« and IL.-6, which probably mediated by ATF3 regulating transcription of ATGS
and ATG16L1, suggesting ATF3 as a potential therapeutic target for autophagy-inflammation imbalance.
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Table 1 Primer sequences for RT-qPCR

Gene Forward primer (5'—3") Reverse primer (5'—3")

Atg5  AGAAGCTGTTTCGTCCTGTGG AGGTGTTTCCAACATTGGCTC
Atgl6l1 AAGCCGAATCTGGACTGTGG TATGCAGACTTTGCTGCGGA
B-actin GTGACGTTGACATCCGTAAAGA GCCGGACTCATCGTACTCC
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S 1:1 000 Fa BE LU B ATGS ATG16L1 LC3 I/ T,
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A': GEO dataset analysis of ATF3 expression level in sepsis patients; B: GEO dataset analysis of ATEF3 expression level between

“Survivors” and “Non-Survivors” in sepsis patients; C: GSEA pathway analysis of Toll-like receptor signaling and autophagy

pathways in sepsis patients; D: Western blot analysis and semi-quantitative analysis of ATF3 protein level in RAW264. 7 cells

stimulated with LPS at different time points. GEO: Gene expression omnibus; ATF3: Activating transcription factor 3; GSEA:

Gene set enrichment analysis. a: P<0. 01, in comparison with Control group; b: P<0. 01, in comparison with Survivors group;

¢: P<0.01, in comparison with 0 h group
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Figure 1 Up-regulation of ATF3 expression in sepsis
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A': Protein expression and semi-quantitative analysis of ATF3 in RAW264. 7 cells after 100 ng/mL LPS stimulation; B: Expression

and semi-quantitative analysis of ATF3 in cytoplasmic and nuclear fractions of RAW264.7 inflammatory cells; C: Nuclear

localization of ATF3 protein in RAW264. 7 inflammatory cells.
with the Medium group

ATF3: Activating transcription factor 3. a: P<0.01, in comparison

B2 RAW264. 7 REMM P ATFINEBRIER S
Figure 2 Protein expression and subcellular distribution of ATF3 in RAW264. 7 cells after 100 ng/mL LPS stimulation
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5 NC-ATF3 ZHAH I, OE-ATF3 20 rh 25 [ 2 3k W 35 4
(P<0.01,E3D) . DL E45RFRM, Fa e KK Ik ATF3
ik 2635 ATF3 9 RAW264. 7 4B IRk A i 3
2.4  ATF3 3+ % & B F TNF-o Fo [L-6 B K -F vA & 4
B FR e 0%l
R I R ATEF3 (9 22315 78 N 2 25 01030 X 40 it 4

T BRBE 1 RS2 o 45 R R, NC-ATF3 41
Medium ZH TN A= K 5 5 Medium ZHAH L, 4 2% (B
B (pseudomonas aeruginosa,, PA) JE&GL 2H 20 18 5 o) 2
BN (P<0. 01, 1 4A) ;55 NC-ATF3 41 AH H, B % ATF3
J ) PA ZH 40 B W R (P<0. 01, B 4A) 5 5
NC-ATF3 414 1 , i Fe3k ATF3 J5 (1) PA 4140 B 50 1)
AEFFAE R K, o W 35 Ve 22 5 (K1 4C) o HU, Al i



http : //aammt. tmmu. edu. cn

Bt 22 K224, 2025,47(19) 2357

NC-ATF3

NC-ATF3

sh-ATF3

OE-ATF3

NC-ATF3 sh-ATF3

LPS100 - + - +
ATF3(23><103)—>| - - |

B-actin(43x 10%) — | -#|
mm  Medium

= [ PS100
a

104

o]
1

[<2]
1

N
1

N
1

Relative ATF3 protein expression

o
I

A NC-ATF3 sh-ATF3 B

NC-ATF3 OE-ATF3
LPS100 -  + -  +

B-actin(43x 10) — | e et W |

c 10 = Medium
o
a == LPS100 b
0 8+
o
x
[
.5 6
o
s
<
2 24
8
[0)
[v4 0-
NC-ATF3 OE-ATF3 D

A: Immunofluorescence microscopy displaying the transfection efficiency of ATF3 knockdown lentivirus; B: Western blot

analysis and semi-quantitative analysis of ATE3 expression after transfection; C: Immunofluorescence microscopy showing the

transfection efficiency of ATF3 overexpression lentivirus; D: Western blot analysis and semi-quantitative analysis of ATF3

expression after transfection. ATF3: Activating transcription factor 3. a: P<0.01, in comparison with NC-ATF3-Medium

group; b: P<0. 01, in comparison with NC-ATF3-LPS100 group
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Figure 3 Identification of stable RAW264. 7 cell lines with ATF3 knockdown and overexpression
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A': Bacterial colony counts in RAW264. 7 inflammatory cells with ATF3 knockdown; B: Changes in inflammatory cytokine
levels in RAW264. 7 cells with ATF3 knockdown; C: Bacterial colony counts in RAW264. 7 inflammatory cells with ATF3

overexpression; D: Inflammatory cytokine levels in RAW264. 7 cells with ATF3 overexpression. ATF3: Activating transcription
factor 3. a: P<0.01, in comparison with NC-ATF3-Medium group; b: P<0.01, in comparison with NC-ATF3-LPS100 group
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Figure 4 Effects of ATF3 knockdown and overexpression on bacterial clearance and inflammatory responses in

RAW264. 7 inflammatory cells
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A: Heatmap of distribution near transcription start sites; B: KEGG analysis of increased ATF3-binding peaks in candidate

target genes; C: Genome-wide distribution of ATF3-binding peaks in endotoxin-stimulated inflammatory cells; D: CUT&Tag

genome browser tracks of ATF3 binding signals at the Atg5 and Aigl16l1 loci; E: Motif analysis of ATF3 binding regions in the

ATG16L1 and ATGS promoters. ATF3: Activating transcription factor 3
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Figure 5 CUT&Tag sequencing analysis of ATF3 downstream target genes
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A: mRNA levels of Atg5 and Atgl6l] in RAW264.7 inflammatory cells; B: Protein levels of ATG5 and ATG16L1 in
RAW264. 7 inflammatory cells; C: Protein levels of LC3II/I and p62 in RAW264. 7 inflammatory cells; D: Protein levels of
ATGS5 and ATGI6L1 in RAW264. 7 cells with ATF3 knockdown; E: Protein levels of LC3II/I and p62 in RAW264. 7 cells with

ATF3 knockdown .

ATF3: Activating transcription factor 3. a: P<0. 01, in comparison with NC-ATF3-Medium group; b: P<

0. 01, in comparison with NC-ATF3-LPS100 group; c¢: P<0.01, in comparison with sh-ATF3-LPS100 group
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Figure 6 Effects of ATF3 knockdown on ATGS and ATG16L1 expression and autophagy in RAW264. 7 inflammatory cells

(B6F.G&TFTR)
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F: Transmission electron microscopy (TEM) analysis of autophagosome formation in RAW264. 7 cells with ATF3 knockdown ;

G: Effect of autophagy inhibitors on inflammatory cytokine release in RAW?264. 7 cells with ATF3 knockdown. ATF3: Activating
transcription factor 3. a: P<0. 01, in comparison with NC-ATF3-Medium group; b: P<0.01, in comparison with NC-ATF3-LPS100

group; ¢: P<0.01, in comparison with sh-ATF3-LPS100 group
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Figure 6(continued )
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Effects of ATF3 knockdown on ATGS and ATG16L1 expression and autophagy in RAW264. 7

ATF3 75 T AE JAE Sz N7 A A T, dad R 4e Y
SERGATTE AR R T ATE3 38 i 45 F Wit E 52 i) e 4
i 5 AE B I N T 1 P AT AL R
3.1 ATF3RAF & 5 M T TS 09 % &

ATF3 ARk W 38R o i) S B s (XL 7 R 22
SRR 55 JRAE PREE ] g ROk, BRI A A
il SAE AERF RS IIEE . AR RV EERNE
17 45 +L %F FL (cecal ligation and puncture, CLP) /|> FR 45
RU ATE3 @i/ B 3 5 0 A AR AE DY 5 Bl 5
B RS T AR, P s FLTE e B AE L BA R
FY L ABIFSESS A RSO & B AT 76 MeREAE /R
F B R TR RS RAE I . GEO Xl )R B,
i B AE B A1 ] i AL AN TP ATF3 Rk T L R S
SRNE T B HEAE S — 2D S S 5 R 4 N R



2362 [ EHIyNE S

2243 ,2025,47(19)

http ://aammt. tmmu. edu. cn

NC-ATF3 OE-ATF3

LPS 100

ATF3(23X10%) — |

ATG5(55X 10%) —

ATG16L1(68 X 10%) —

B-actin(43xX103) —

NC-ATF3 OE-ATF3

LPS 100 - + - +
— — — ——

- Bl
- ——

p62(62 X 10%) —

LC3] (16 X10%) —
LC31I (14X 10%) —

B-actin(43X10%) —

Relative protein expression level

Relative protein expression level

= = N N
o o o 3,
1 1 | ]

o
o
1

_ == LPS100

o
1

== Medium
=3 [PS100

mm  Medium

| NC-ATF3 OE-ATF3

b

ATF3 ATG5 ATG16L1 A
mm  Medium == Medium
NC-ATF3 OE-ATF3
=3 |PS100 =3 | PS100
a

LC3 11/ B

p62

A: Protein levels of ATG5 and ATG16L1 in RAW264. 7 inflammatory cells with ATF3 overexpression; B: Protein levels of

LC3II/T and p62 in RAW264. 7 inflammatory cells with ATF3 overexpression. ATF3: Activating transcription factor 3. a:
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Figure 7 Effects of ATF3 overexpression on ATGS and ATG16L1 expression and autophagy in RAW264. 7 inflammatory cells
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