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[Abstract] Objective To explore the predictive value of serum forkhead box M1 (FOXM1), Clara cell secretory
protein 16 (CC16), and lipoxin A4 (LXA4) levels for concurrent acute lung injury (ALI) in patients with sepsis. Methods A
total of 126 sepsis patients admitted to the Emergency Department of the Affiliated Hospital of Nanjing University of Chinese
Medicine (Jiangsu Province Hospital of Chinese Medicine) from July 2021 to May 2024 were continuously enrolled as the ob—
servation group. Based on whether ALI occurred during hospitalization, patients were divided into an ALI subgroup @ =41)
and a non-ALI subgroup @ =85). Additionally, 126 individuals who underwent health check-ups at the same hospital during
the same period were selected as the healthy control group. Serum levels of FOXM1, CC16, and LXA4 were measured by
ELISA. Multivariate logistic regression analysis was used to identify factors influencing ALI. Receiver operating characteristic
(ROC) curves and decision curve analysis (DCA) were used to evaluate the predictive performance and clinical net benefit of
serum FOXM1, CC16, and LXA4 levels for concurrent ALI. Results Compared with the healthy control group, the observa—
tion group showed significantly increased serum FOXMI levels and significantly decreased CC16 and LXA4 levels ¢/P =
11.177/<0.001, 7.741/<0.001, 8.986/<0.001). Compared with the non-ALI subgroup, the ALI subgroup had significantly higher
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respiratory index, SOFA score, APACHE II score, and FOXMI1 levels, while CC16 and LXA4 levels were significantly lower
P =19.541/<0.001, 8.893/<0.001, 7.634/<0.001, 8.267/<0.001, 7.924/<0.001, 7.505/<0.001). High APACHE 1I score and
high FOXM1 expression were independent risk factors for sepsis patients developing ALI OR (95%CI) =3.125 (1.472—
6.633), 2.489 (1.662-4.884) ; whereas high expression of CC16 and LXA4 were independent protective factors against ALI
in sepsis patients OR (95%CI) =0.803 (0.688-0.937), 0.734 (0.636—0.847) . The AUCs for serum FOXMI, CC16, LXA4,
and their combination in predicting ALI in sepsis patients were 0.824, 0.831, 0.816, and 0.951, respectively, with the combina—
tion significantly outperforming each marker alone (DeLong test, Z/P =3.304/0.001, 3.462/0.001, 3.298/0.001). The combined
model of FOXM1, CC16, and LXA4 showed a high net benefit advantage within a wide threshold probability range (0.10—
0.93). Conclusion FOXMI expression is upregulated in the serum of patients with sepsis, while CC16 and LXA4 expres—

sions are downregulated. These three markers are independent factors associated with concurrent ALI. Combined detection of

these three biomarkers demonstrates excellent predictive efficiency and clinical translational potential for ALI.
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* 698 2026 6 25 6 Chin J Diffic and Compl Cas June 2026 Vol.25 No.6
ALI 0
SOFA APACHET
ALI 2
FOXM1
", Luo "
FOXM1 Wnt/B-catenin |
1 FOXM1.CC16.LXA4 ALI
ROt FOXM1
Fig.1 ROC curve of serum FOXM1 CC16 and LXA4 levels pre—
dicting ALI in patients with sepsis
0 FOXM1
2.5 DCA COPD
FOXM1.CCl16.LXA4
(0.10~0.93) 2, . FOXM1
ALI
ALI
FOXM1 N
17
FOXM1 ALI
FOXM1
2 DCA CC16
Fig.2  DCA curve for evaluating the clinical value of the ARDS.COPD
predictive model
3 ' . Chen CcC16
ALl COPD
N N o ALI
ALI CC16 ALI
——ARDS """ . ALI AL CCl16
25% ~45%
CCl16 NF+«B
2 126 ALl
ALL 41  (32.54%) A2



2026 6 25 6

Chin J Diffic and Compl Cas June 2026 Vol.25 No.6 * 699

ALI 8
COPD CCl16
ALI CCl16
CCl16
ALl  AUC  0.831 COPD
( AUC=0.782) CCl6 ALl
20
LXA4
21 22
COPD LXA4
LXA4 COPD
ALI LXA4
ALL
. L ® LXA4
ALX/FPR2
COPD . LXA4
ALI
¢, LXA4 ALl
AUC  0.816 LXA4
ALI .
FOXM1 CCl16.
LXA4
ALI 3
FOXM1
CcCl16 LXA4
ALL . 3
(AUC=0.951)
ALL . DCA

(0.10 ~ 0.93)
FOXM1.CC16.LXA4 ALI

FOXM1
CC16.LXA4 ALI
ALI
ALI
FOXM1/CC16/LXA4

He RR Yue GL Dong ML et al.Sepsis biomarkers: Advancements
and clinical applications-a narrative review J . IntJ Mol Sci 2024
25(116) : 9010-9017. DOIL: 10.3390/ijms25169010.
Qiao X Yin ] Zheng Z et al. Endothelial cell dynamics in sepsis—
induced acute lung injury and acute respiratory distress syndrome:
Pathogenesis and therapeutic implications J . Cell Commun Signal
2024 22( 1) :241-252. DOL: 10.1186/s12964-024-01620-y.
Chen Q Mao Y CaiS et al. Integrated bioinformatics and molecu—
lar docking analysis reveal potential hub genes and targeted therapeu—
tics in sepsis-associated acute lung injury J . Front Immunol
2025 16( 12) : 1684-1691. DOI: 10.3389/fimmu.2025.1684774.
Chen T Ni M Wang H et al. The reparative effect of FOXM1 in
pulmonary disease J . Lung 2024 203(1):1-11. DOL: 10.1007/
$00408-024-007734.
Liu L Fandino ] O“Toole DP. Therapeutic application of extracel-
lular vesicle-encapsulated CC16 in acute lung injury J . Mol Ther
2023 31(5) :1194-1195. DOL 10.1016/j.ymthe.2023.03.025.
Pan WH Hu X Chen B et al. The effect and mechanism of Lipoxin
A4 on neutrophil function in LPS-induced lung injury J . Inflamma—
tion 2022 45(5) :1950-1967. DOL: 10.1007/s10753-022-01666-5.
/
(20060 J . 2006 18

(112) : 706-710. DOIL: 10.3760/j.issn: 1003-0603.2006.12.002.

Singer M Deutschman CS  Seymour CW et al. The third
international consensus definitions for sepsis and septic shock ( Sepsis—
3 J . JAMA 2016 315( 8): 801-810. DOIL: 10. 1001/jama.
2016.0287.
Knaus WA  Draper EA Wagner DP et al. APACHE I[: A

severity of disease classification system J . Crit Care Med 1985

13( 10) : 818-829. ( 705 )



2026 6 25 6

Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

=705 ¢

. 2021 30 (11):
1300-4304.DOL: 10.3760/cma.j.issn.1671-0282.2021.11.003.

cother 2020
2019.109723.

122 ( 2) : 10572-0573. DOL:  10. 1016/j. biopha.

10 16  Chen X Zhang K Li Y et al.Stress induces behavioral disorders by
SGK1 XBP1 J . 2025 promoting microglial phagocytosis via decreasing neuronal Dkk3 J .
24( 2) : 175-180.DOLI: 10.3969/].1ssn.1671-6450.2025.02.010. Molecular Psychiatry 2025 30( 12) : 5731-5748. DOI: 10. 1038/

11 Wang F Han L. Upregulation of serum and glucocorticoidregulated s41380-025-033144.
kinase 1 ( SGK1) ameliorates doxorubicin-induced cardiotoxic 17 PMN
injury apoptosis inflammation and oxidative stress by suppressing J. 2023 37
glucose regulated protein 78 ( GRP78) -mediated endoplasmic reticu— (7) : 491-491.DOL: 10.3867/j.issn.1000-3002.2023.07.026.
lum stress ] . Bioengineered 2022 13( 1) : 844-855. DOIL: 10. 18
1080/21655979.2021.2016644. ESM-1 I

12 Kwon OC Song JJ] Yang Y et al. SGKI inhibition in glia amelio— 2020 60 ( 25): 14-47. DOL: 10. 3969/j. issn. 1002266X. 2020.
rates pathologies and symptoms in Parkinson disease animal models 25.004.

J . EMBO Mol Med 2021 13( 4): 13076-13069. DOIL: 10. 19
15252 /emmm.202013076. FGF21 SP-A I

13 Bendix I Pfueller CF Leuenberger T et al. MAPK3 deficiency 2023 22( 1): 8-12.DOL 10.3969/j. issn. 1671-4695.
drives autoimmunity via DC arming J .European Journal of Immu-— 2023.01.002.
nology 2020 40(5) : 1486-1495.DOI: 10.1002/eji.201948786. 20 METTL14 RIPK1

14 Chabaud-Riou M Firestein GS.Expression and activation of mitogen— ARDS J .
activated protein kinase kinases-3 and -6 in rheumatoid arthritis J . 2025 24( 7): 780-785. DOI: 10.3969/j. issn. 1671-6450. 2025.
American Journal of Pathology 2020 164( 1) : 177-184.DOI: 10. 07.016.

1016/50002-9440 ( 10) 63416-9. 21 Clq ARDS

15 RenQ GuoF TaoS et al. Flavonoid fisetin alleviates kidney in— J. 2024 23(2):138-142.
flammation and apoptosis via inhibiting Src-mediated NF+«B p65 and DOI: 10.3969/j.issn.1671-6450.2024.02.003.

MAPK signaling pathways in septic AKI mice J . Biomed Pharma- ( 12025-12-18)
699 ) 17 Huang X Zhang X Machireddy N et al. Endothelial FoxM1 reacti—

10 Zheng Y Wang]J Ling Z et al. A diagnostic model for sepsis-in— vates aging-impaired endothelial regeneration for vascular repair and
duced acute lung injury using a consensus machine learning approach resolution of inflammatory lung injury J . Sci Transl Med 2023 15
and its therapeutic implications J . J Transl Med 2023 21(1): (709) : eabm5755. DOI: 10.1126/scitranslmed.abm5755.

620-628. DOL: 10.1186/512967-023-04499-4. 18 Han'Y ZhuY Almuntashiri S et al. Extracellular vesicle-encapsu—

11 Lv K Liang Q. Macrophages in sepsis-induced acute lung injury: lated CC16 as novel nanotherapeutics for treatment of acute lung in—
Exosomal modulation and therapeutic potential J . Front Immunol jury J . Mol Ther 2023 31(5): 1346-1364. DOI: 10.1016/j.
2025 15(11) :15180-15189. DOI: 10.3389/fimmu.2024.1518008. ymthe.2023.01.009.

12 Gao M Xu G Gao S et al. Single-center nomogram model for 19 ChenM XuK HeY etal. CC16 as an inflammatory biomarker in
sepsis complicated by acute lung injury J . Am J Transl Res 2024 induced sputum reflects chronic obstructive pulmonary disease
16(9) : 4653-4661. DOIL: 10.62347 /TILW4692. ( COPD) Severity J . Int J Chron Obstruct Pulmon Dis 2023 18

13 CCL25 (4):70517. DOIL: 10.2147/COPD S400999.

PARK7 J. 20 . AECOPD SFRP1.CC16
2024 39(1):9094 117. DOL 10.3969/j.issn.167157414.2024. J . 2025 24(4):
01.016. 560-562. DOIL: 10.19937/j.issn.1671-4199.2025.04.041.

14 TuoY GeS Chen Q et al. Overexpression of FoxM1 optimizes the 21 Suchitha GP  Devasahayam Arokia Balaya R Prasad TSK et al. A
therapeutic effect of bone marrow mesenchymal stem cells on acute signaling network map of lipoxin ( LXA4): An anti-inflammatory
respiratory distress syndrome J . Stem Cell Res Ther 2023 14 molecule J . Inflamm Res 2024 73( 7):1099-1106. DOIL: 10.
(1) :27-35. DOI: 10.1186/s13287-023-03240-8. 1007 /500011-024-01885-6.

15 TwoY LinS Mao X et al. Overexpression of foxml enhanced the 22 LXA4.HDAC6
protective effect of bone marrow-derived mesenchymal stem cells on I
lipopolysaccharide-induced acute lung injury through the activation of 2025 22( 8):1127-4132. DOI: 10.3969/j. issn. 1672—
wnt/B-catenin signaling J . Oxid Med Cell Longev 2023 2023 9455.2025.08.023.

(2) :8324504. DOIL: 10.1155/2023/8324504. 23 LiX XuH LiuK etal. LXA4 alleviates inflammation and ferrop—

16 . AECOPD FOXMI1  CCRS tosis in cigarette smoke induced chronic obstructive pulmonary

J. disease via the ALX/FPR2 receptor J . Int Immunopharmacol
2024 39( 3): 176-182. DOI: 10. 3969/j. issn. 1671-7414. 2024. 2025 151(4):114322. DOL: 10.1016/j.intimp.2025.114322.
03.030. ( :12025-12-09)



