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Adenosine dialdehyde regulates methylation metabolism and H3K4me3 modification
to inhibit the NF-kB pathway and attenuate sepsis-induced inflammation and tissue
injury
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[Abstract] Objective To investigate the effects of adenosine dialdehyde (Adox) on sepsis-induced
inflammatory response and tissue injury, and to analyze its regulatory roles in methylation metabolic
homeostasis, H3K4me3 modification, and the NF- kB signaling pathway. Methods In viiro experiments:
(D Mouse mononuclear macrophage leukemia cells (RAW264. 7) and human monocytic leukemia cells (THP-1)
were subjected. CCK-8 assay was performed to determine the effects of Adox (2.5-40 wmol/L) on cell
viability after 24 h of treatment in RAW264.7 and THP-1 cells to screen the safe dose range of Adox.
(@ ELISA was conducted to assess the impact of various Adox concentrations (2. 5, 5, 10, 20, 40 pwmol/L) on
lipopolysaccharide (LPS)-induced inflammatory cytokine release, and to examine the effect of 10 pwmol/L Adox
on the release of inflammatory cytokines at different time points following 100 ng/ml. LPS stimulation.
3 RAW264. 7 and THP-1 cells were divided into a Medium group, a LPS100 group (stimulated with 100 ng/mL
LPS for 4 h), and a LPS100+Adox group (co-treated with 10 wmol/L. Adox and LPS for 4 h). ELISA was
employed to measure TNF-a, IL-6, SAM and SAH levels in cell supernatants; Western blot was utilized to
detect the protein expression of H3K4me3, SAHH and NF-kB/IkBa signaling pathway-related molecules;
RT-qPCR was carried out to measure the mRNA expression of TNF-a and IL-6. Animal experiments: Male
C57BL/6J mice (6 to 8 weeks old, weighing 18 to 22 g) were randomly assigned to a Sham group, a cecal
ligation and puncture group (CLP, as a sepsis model), and a CLP+Adox group (intraperitoneal injection of
2 mg/kg Adox administered 4 h prior to CLP surgery). Samples were collected 6 h after modeling. ELISA was
used to detect serum TNF-a and I1-6 levels in mice; HE staining and pathological scoring (0-12) were utilized
to evaluate lung and spleen tissue injury; Western blot was performed to detect the expression of H3K4me3,
SAHH, and NF-kB/IkBa signaling pathway-related proteins in lung and spleen tissues. Results In wvitro
experiments: CCK-8 results demonstrated that Adox had no obvious toxicity to RAW264. 7 and THP-1 cells
within the range of 2. 5 to 40 pmol/L.. ELISA revealed that Adox significantly reduced the released levels of
TNF- « and IL-6 in a concentration- and time-dependent manner (P<0.01). Notably, 10 pmol/L. Adox
significantly suppressed inflammatory cytokines without affecting cell viability, and was therefore selected for
subsequent experiments. Furthermore, Adox treatment decreased SAM levels, increased SAH levels, and
reduced the SAM/SAH ratio in RAW?264. 7 cell supernatants (P<0.01). Western blot analysis demonstrated
that Adox significantly downregulated the protein expression of SAHH and H3K4me3 in RAW264. 7 and THP-
1 cells under inflammatory conditions (P<0. 01), and inhibited the activation of the NF-kB signaling pathway.
In vivo experiments: ELISA results showed that Adox significantly decreased serum TNF-a and 11.-6 levels in
CLP-induced septic mice (P<0. 01). HE staining and pathological scoring demonstrated that Adox ameliorated
lung and spleen injuries in septic mice. Western blot analysis indicated that Adox significantly reduced
H3K4me3 levels and suppressed NF-kB/IkBa signaling pathway activation in the lung and spleen tissues of
CLP mice. Conclusion Adox alleviates sepsis-related inflammatory response and tissue injury, and its

mechanism may be related to the regulation of SAHH-mediated SAM/SAH metabolism, reduction of H3K4me3
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modification levels, and inhibition of NF- kB signaling pathway activation. These findings suggest that

targeting methylation metabolism and histone methylation modifications may provide a novel therapeutic

strategy for intervening in sepsis-associated inflammation.
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A and B: Protein expression levels of SAHH in RAW264. 7 (A) and THP-1 (B) cells of the Medium group, the LPS stimulation group, and the
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Figure 5 Protein expression of SAHH and H3K4me3 by Western blot and metabolic changes in SAM and SAH by
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A and B: Expression of NF-kB signaling pathway-related proteins in RAW264. 7 (A) and THP-1 (B) of the Medium group, the LPS stimulation group,

and the LPS100+Adox group; C and D: Expression of NF-kB signaling pathway-related proteins in the lung (C) and spleen (D) tissues of CLP mice
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Figure 6 Detection of the expression levels of NF-«B signaling pathway-related proteins by Western blot (n=3,x+s)

PP 0T R I R A R L BRAR RN ILRBAS T 9 F AL AR AR S O A I A e R SR Ak
SAM/SAH LA, AT /> H3K4me3 45 I SEA AR W AR, 2RI 0] H3K4me3 S Stud &M . 5 ILlA)
PR ARBFFE R I, Adox T TS SAHH FISAMKSE I, NF-kB 1 Ik Bo B R b /K - 32 B H, 45 P 1 F%
FAK, SAM/SAH HUAEFEARIT 1R H3KAme3 &1 FRE,  Jsisb , Bl A s 4046 495 I 8 2l % .



http://aammt. tmmu. edu. cn Bl 7222 155 R4, 2026, 48(18) 2675

3.3 Adox 5 Rl % SAHH 7 4] 7 & 4t £ 25 4 69 5+ bk

o H

AT 1R S SAHH #0157 , Adox J2&: 2 H H 3L AL F
Fe o BB IZ T B ARSI, B —Ff SAHH 1)
#1157 3-deazaadenosine (3-DA) [RlRE B G BT RAEH , [ H
ML) S0 T P R MEK 1/2 70 TK K oo/ B 385 il 15 e
BELIET AP-1 F1 NF-xB 5 S3@ %", M2 T, AR BF5
FLoR Adox 1] AETE 1 545 SAHH 41 51 SAM/SAH 1435
S H3K4me3 B 5% M 98 i AH DG HE R 5%, R iE $T
RTBEEALT RS . S0 TR K
NF-wB 1 il 71 5% Ge i R SR AH LE , Adox I E ELHEI
il AR5 5, T 2 3 A o 4 R A ARl B SR 5t 1% 18
T R W) S RE L PG S) o (BLVERIYE R E, BHRih &
BAE IR ST T 5 2 b 25080 ) S RRE &
It R AN (BT 5 i — 20 PE o
3.4 HEREFREE K RT @

RIFFAAEAE— BRI . O3l 52 58 U
T CLP RJ5 6 hiX — &M 558 M, K BB 3h 5 07 th
Adox X i B A AN [R] 96 R B Bt 9 i i 07 B 4 B 361473 114
SR, A T R A AP, TR e A I AR 4P 1 F AT
T2 50U . @FEZRM T H3K4me3 MK F-, i
K F G VF Al Adox X H: Al 41 B (1 H 3L Ak & 46 (i
H3K27me3 . H3K9me3) Y 52 M, H 38 00 18kt 14 3 45 1% 477
Bt —583% . QF EH T 25 Bl WA &1
I3, ¥ AR K FH siRNA . CRISPR/Cas9 %5 5 g ik — 25 56
JIE SAHH 7£ Adox BT RAEH I CEEVE ] okt — 25
454 ChIP-qPCR S5 B AR K I 48 9E AH OC KL H )3 3 IX.
I, H3K4me3 & £ K NF-«B 25 & 78 1k , LA 1§ SAHH-
SAM/SAH Ui 2k 7% . H3K4me3 & 1fii 5 NF-kB {5 538
B2 AR KR . @ H AT Adox 1E 4 SAHH #1 #l 551
T 2 T AR, AR e Hh i 253N T2
FROE &2k RO AR 25 R AW . ARE AT 4545
Z W [] 55 22 00 1 3l ) S 0 K 2 BT iE— 2 B
IR R R S IA PURIB T R A b H
AT AT | Al DR A Al B (A S AR

g5 LTk A AY & B B AE A O AR
SAHH % 35 b ¥ . SAM/SAH {8 T+ & , OF £ B
H3K4me3 &1 7K -3 1 K NF-kB {5 53 #5375 1k , $2 8
AL AR o g A RWLIE A% IR 5 S 15 5 7% S T
REIL[F] 2 5 Me B 2 5 S I 1 & A A J& o Adox Tl
J RE M B AIC SAM/SAH. LAH, 4 2F F A AR i R A 1k
52, i H3K4me3 &1 7K F- S NF-x B A5 5 #5154k,
ATV B 96 0 PR B RN AL 4L o VA b g it
AEAE— 7 JR R AELASTIF S AT Ay St Ml R £ it -2 WL s

ey L S (1t 1R B A, I D # 15 SAHH-SAM/
SAH FRI I B FUMREAE SAE SN F 1 S H i
PR ASUIAAEE S AP 45 th 58

S

[1] Singer M, Deutscgnab C S, Seymour C W, et al. The Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) [J]. Jama, 2016, 315(8) : 801-10. DOI:
10.1001/jama.2016.0288.

[2] Singer M, Angus D C, Annane D, et al. Sepsis[J]. Lancet,
2026, 407 (10535) : 1276-1288. DOI: 10.1016/S0140-6736
(25)02422-5.

[3] Munford R S, Pugin J. Normal responses to injury prevent
systemic inflammation and can be immunosuppressive [J].
Am J Respir Crit Care Med, 2001, 163(2): 316-321. DOI:
10.1164/ajrcem.163.2.2007102.

[4] Wu M, Yan Y, Xie X Y, et al. Effect of endothelial
responses on sepsis-associated organ dysfunction [J]. Chin
Med J, 2024, 137 (23) : 2782-2792. DOI: 10.1097/CM9.
0000000000003342.

[5] Liu T, Zhang L Y, Joo D, et al. NF- kB signaling in
inflammation [J]. Sig Transduct Target Ther, 2017, 2:
17023-. DOI:10.1038/sigtrans.2017.23.

[6] LulJS, Zhang J H, Jiang H J, et al. Vangl2 suppresses NF-
kB signaling and ameliorates sepsis by targeting p65 for
NDP52-mediated autophagic degradation [J]. elife, 2024,
12: RP87935. DOI:10.7554/eLife.87935.

[7] Lawrence T. The nuclear factor NF-kappaB pathway in
inflammation [ J]. Cold Spring Harb Perspect Biol, 2009, 1
(6): a001651. DOI: 10.1101/cshperspect.a001651.

[8] Xu X L, Yan Y M, Zheng M L, et al. Emodin alleviates
sepsis-induced multiorgan damage by inhibiting NETosis
through targeting neutrophils BCL-10[J]. Adv Sci (Weinh) ,
2025, 12(41): €17129. DOI:10.1002/advs.202417129.

[9] Lin Y Y, Qiu T, Wei G F, et al. Role of histone post-
translational modifications in inflammatory diseases [J]. Front
Immunol, 2022, 13: 852272. DOI: 10.3389/fimmu. 2022.
852272.

[10] Barski A, Cuddapah S, Cui K R, et al. High-resolution
profiling of histone methylations in the human genome [J].
Cell, 2007, 129(4) : 823-837. DOI: 10.1016/j. cell. 2007.
05.009.

[11] Cao X, Ma T, Fan R, et al. Broad H3K4me3 domain is
associated with spatial coherence during mammalian
embryonic development [J]. bioRxiv, 2023; 2023.12.
11.570452. Published 2023 Dec 12. DOI: 10.1101/2023.12.
11.570452

[12] Zhao S Q, Zhong Y Y, Fu X X, et al. H3K4 methylation



2676

Bl 242 K22 41, 2026, 48 (18)

http ://aammt. tmmu. edu. cn

[13]

regulates LPS-induced proinflammatory cytokine expression
and release in macrophages[]]. Shock, 2019, 51(3): 401-
406. DOI: 10.1097/SHK.0000000000001141.

Stevens W B, Netea M G, Kater A P, et al. ‘Trained
immunity” : consequences for lymphoid malignancies [J].
Haematologica, 2016, 101(12): 1460-1468. DOI:10.3324/
haematol.2016.149252.

[ 14 ] Palmer J L., Abeles R H. The mechanism of action of

[15]

[16]

[17]

[18]

[19]

S-adenosylhomocysteinase [J]. J Biol Chem, 1979, 254
(4): 1217-1226. DO1:10.1016/S0021-9258(17)34190-X.
Chiang P K, Gordon R K, Tal J, et al. S-adenosylme-
tliionine and methylation[ﬂ. FASEB J, 1996, 10(4): 471-
480. DOI: 10.1096/fasebj.10.4.8647346.
Dasgupta A, Jung K J, Jeong S J, et al. Inhibition of
methyltransferases results in induction of g2/m checkpoint
and programmed cell death in human T-lymphotropic virus
type 1-transformed cells[J]. J Virol, 2008, 82(1): 49-59.
DOI:10.1128/JVI1.01497-07.
Yang W S, Kim J H, Jeong D, et al. 3-Deazaadenosine, an
inhibitor, attenuates

S-adenosylhomocysteine  hydrolase

lipopolysaccharide-induced  inflammatory
inhibition of AP-1 and NF- kB signaling [1].
Pharmacol, 2020, 182:
2020.114264.

Yang T, Liu S J, Jiang Q S, et al. Lactylation of histone

responses  via
Biochem
114264. DOI: 10.1016/j. bep.

H3K18 promotes autophagic gene expression to mitigate
immunosuppression in sepsis [J]. Int J Biol Macromol,
2026, 358: 151667. DOI:10.1016/j.ijbiomac.2026.151667.
Sjaastad F V, Jensen 1 J, Berton R R, et al. Inducing
experimental polymicrobial sepsis by cecal ligation and
puncture[J]. Curr Protoc Immunol, 2020, 131(1): el10.
DOI:10.1002/cpim.110.

[20]

(21]

[22]

(23]

[24]

[26]

You W B. Roles of cytokine storm in sepsis progression:
biomarkers, and emerging therapeutic strategies [J]. Front
Immunol, 2025, 16: 1696366. DOI: 10.3389/fimmu. 2025.
1696366.
Shimoda H, Doi S, Nakashima A, et al. Inhibition of the
H3K4 methyltransferase MLL1/WDRS complex attenuates
renal senescence in ischemia reperfusion mice by reduction
of pl6 INK4a[J]. Kidney Int, 2019, 96 (5) : 1162-1175.
DOI:10.1016/j.kint.2019.06.021.
Kimball A S, Joshi A, Carson W F 4“1, et al. The histone
methyltransferase  MLL1  directs macrophage-mediated
inflammation in wound healing and is altered in a murine
model of obesity and type 2 diabetes| J |. Diabetes, 2017, 66
(9): 2459-2471. DO1:10.2337/db17-0194.
Francis M, Gopinathan G, Salapatas A, et al. SETD1 and
NF-kB regulate periodontal inflammation through H3K4
trimethylation[J]. J Dent Res, 2020, 99(13): 1486-1493.
DOI:10.1177/0022034520939029.
Huang W, Li N, Zhang Y, et al. AHCYL1 senses SAH to
inhibit autophagy through interaction with PIK3C3 in an
MTORCI1-independent manner [1]. Autophagy, 2022, 18
(2):309-319. DOI: 10.1080/15548627.2021.1924038.
Ding W, Smulan L J, Hou N S, et al. S-adenosylmethionine
levels govern innate immunity through distinct methylation-
dependent pathways [J]. Cell Metab, 2015, 22 (4) : 633-
645. DOI:10.1016/j.cmet.2015.07.013.
Chen D H, Wu K T, Hung C J, et al.Effects of adenosine
dialdehyde treatment on in vitro and in vivo stable protein
methylation in HelLa cells [J]. T Biochem, 2004 Sep; 136
(3):371-376. pii: 136/3/371. DO1:10.1093/jb/mvh131.
(M : 2026-06-05 ; & [E] :2026-07-09)

(¥ F R)



