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ANXAZ3 alleviates pulmonary fibrosis by inhibiting the activation of
pulmonary fibroblasts
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Abstract: Pulmonary fibrosis (PF) is a chronic interstitial lung disease with an average post-diagnosis
survival of only 3-5 years. It is commonly characterized by dry cough and progressive dyspnea, ultimately leading
to respiratory failure due to loss of gas exchange function. However, its exact pathogenic triggers and mechanisms
remain unclear, and effective therapeutic drugs and approaches are still lacking. Therefore, further exploration of
the pathogenesis of pulmonary fibrosis and the identification of new therapeutic targets are of great significance for
its treatment and prognosis. Annexin A3 (ANXA3), a member of the calcium-dependent phospholipid-binding
protein family, plays important roles in various pathophysiological processes such as membrane trafficking,
inflammatory responses, and tumor progression. Nevertheless, its function and mechanism in pulmonary fibrosis

have not yet been elucidated. In this study, using both in vivo animal models and in vitro cell experiments, we
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investigated the expression changes and functional mechanisms of ANXA3 in pulmonary fibrosis. In a bleomycin
(BLM)-induced mouse model of pulmonary fibrosis, Western blot, quantitative real-time PCR, and
immunofluorescence staining revealed that both the protein and mRNA levels of ANXA3 were significantly
downregulated. To further clarify the role of ANXA3, a series of experiments were conducted using human
embryonic lung fibroblasts (MRC-5). The results showed that knockdown of ANXA3 promoted the upregulation of
fibrosis-related genes and significantly increased the expression of the extracellular matrix protein FNI.
Meanwhile, EAU proliferation assays and wound healing assays demonstrated that ANXA3 knockdown markedly
enhanced the proliferation and migration abilities of MRC-5 cells. In contrast, overexpression of ANXA3
significantly suppressed TGF- f1-induced fibrotic responses, including reduced expression of fibrotic markers,
decreased extracellular matrix deposition, and weakened cell proliferation and migration. This study reveals that
ANXA3 is downregulated during pulmonary fibrosis progression and plays a key inhibitory role in fibroblast
activation and fibrogenesis, suggesting that ANXA3 may serve as an endogenous anti-fibrotic regulatory factor.
These findings not only enrich the understanding of the ANXA protein family in the regulatory network of
pulmonary fibrosis, but also provide experimental evidence for the future development of ANXA3-targeted
therapeutic strategies for pulmonary fibrosis. This experiment was approved by the Ethics Committee of the School

of Pharmacy, Harbin Medical University (approval number: IRB3035621).
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Primer sequence used for the analysis of mRNA expression. ANXA3: Annexin A3; FN1: Fibronectin; COL1al: Collagenlal;

Species Gene Forward primer (5' to 3") Reverse primer (5' to 3")

Human ANXA3 CTCCACCAGCAGTCTTTGATGC CCTTCATTTGCCTGCTTGTCCTG
FNI CGGTGGCTGTCAGTCAAAG AAACCTCGGCTTCCTCCATAA
COLlal GAGGGCCAAGACGAAGACATC CAGATCACGTCATCGCACAAC
ACTA2 GTGTTGCCCCTGAAGAGCAT GCTGGGACATTGAAAGTCTCA
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Figure 1 Down-regulation of ANXA3 in the bleomycin (BLM)-induced mouse model of pulmonary fibrosis. A: Western blot analysis was

performed to evaluate the expression levels of ANXA3 and the fibrosis marker genes in lung tissues from BLM-induced mice [n = 3
(saline), n =4 (BLM)]; B: The mRNA expression levels of ANXA3 and the fibrosis marker COLIal in lung tissues from BLM-induced mice

were analyzed by qRT-PCR (n = 6); C: Immunofluorescence was used to assess the localization and expression level of ANXA3 in lung

tissues from BLM-induced mice (n = 3). Scale bar: 5 pm. x £ 5. “P < 0.05 vs saline group
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Knockdown of ANXA3 promoted differentiation in MRC-5 cells. A: qRT-PCR was performed to validate the efficiency of
ANXA3 knockdown; B—D: To determine the impact of ANXA3 knockdown on profibrotic gene expression, we used qRT-PCR to analyze
mRNA levels of key markers, including FNI, ACTA2, and COLlal; E, F: Western blot analysis was performed to assess the protein

expression of the fibrosis marker genes following ANXA3 knockdown in MRC-5 cells; G: Immunofluorescence was performed to examine

Figure 2

the expression of a-SMA following ANXA3 knockdown, thereby evaluating the activation status of MRC-5 cells. Scale bar: 20 um. n =3
x£s. "P<0.01,"P<0.001, " P<0.000 1 vs siNC group
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Figure 3 Knockdown of ANXA3 promoted the proliferation and migration of MRC-5 cells. A: The EdU assay showed that ANXA3
knockdown promoted the proliferation of MRC-5 cells. Scale bar: 50 um; B: The scratch wound healing assay demonstrated that ANXA3
knockdown enhanced the migratory capacity of MRC-5 cells. Scale bar: 200 um. n=3,x £ s. P <0.01, P < 0.001 vs siNC group
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Figure 4 Overexpression of ANXA3 inhibited TGF-f1-induced differentiation in MRC-5 cells. A: qRT-PCR analysis was conducted to

assess the transcriptional efficiency of ANXA3 overexpression. n =6, x £s.

P <0.000 1 vs pcDNA3.1 group; B-D: Following TGF-f1

induction, MRC-5 cells overexpressing ANXA3 were analyzed by qRT-PCR for mRNA expression of the fibrosis-related markers FNI,

ACTA2 and COLIal. n = 4,x =s. "P < 0.05, P < 0.01 vs CTL group; 'P < 0.05, ™

P <0.001, ""P < 0.000 1 vs TGF-p1 group; E, F:

Western blot analysis was performed to assess the protein-level expression of the fibrosis-related marker genes following ANXA3

overexpression. n = 3, x * s. #p < 0.01, *P < 0.001, **P < 0.000

1 vs CTL group; P < 0.05, ""P < 0.000 1 vs TGF-/1 group; G:

Immunofluorescence was used to detect the effect of overexpression of ANXA3 on a-SMA expression in MRC-5 cells stimulated by TGF-£1

n=3. Scale bar: 20 pm
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Figure 5 Overexpression of ANXA3 inhibited TGF-f1-induced proliferation and migration of MRC-5 cells. A: The proliferative capacity
of TGF-p1-induced MRC-5 cells with ANXA3 overexpression was assessed using an EdU incorporation assay. Scale bar: 50 um; B: To
determine the impact of ANXA3 overexpression on cell migration, a scratch assay was performed on TGF-f1-induced MRC-5 cells with

ectopic ANXA3 expression. Scale bar: 200 um. n = 3, X = 5. P < 0.001, P < 0.000 1 vs CTL group; ""P < 0.001, ""P < 0.000 1 vs TGF-
p1 group



R BHAE: ANXAS I 1] il 24 0 L v D e it 2T 4 A - 1993 -

O T BEH T 22 31 1) “ annexin A% 00 45 K187, fi JLBE
% ] I 200 B PN 545 538 4 35 RS PN o ) TR P 1 I 25
G AT R EE R T ANXA3 5 8 i R %
VPR USEEERTIE SRR N RN T e it a1
Jf ST i e B B IRV 22 ol S A i v 2 I
WRIL, FSH R G R L. R
T, 75 3 R e o 43, JC FL 2 A AT SR A gk 72
ANXA3 [1EFIHLE] A I8 . [ 159E B2, ANXA
FE ) HoAh S R TR UESE T2 2 5 I8 5 5 4 4
WAL . HILZ T, ANXA3TE IPF fI1E F R AL
PR ARIE . R, 38 78 ANXAS A2 15 18 22 fili i 41 4
S M ) A X RS B A0 PR AR S5 43 b, %o 1) BH TP (938
ML B R BV E 6 7 FE B RN .

KW RFIR K T ANXA3 78 Jili £F 4 4k b 1) o
Ao S ARUESE, 7EAR N LT 4EAC R AR Sh TGF-B1 R
T, ANXA3 RIL %% Nif; Dife b, ANXA3 1£ 44
2 i v T A AR R R A R, R R 2 4
[ ULRSCET 4 55 oy A0 3G 58 IR S I 2 i, T ik Rk
ANXA3 W KM AR . AR T ANXA3fE N
FSCAT 4 4 J v A1 7 1 R 4 TR, O BRI ANXA KR
HAEA L E R T Re 2 IR UL TR il
FEAGRIT IR T — /A8 098 7R S Al i B Ek
BELALL ANXA3 Ty B A0 Jog A ol 2 45 20 B i 4K

SR, AN FAAELE SR P 1 2, AHIF 72 32 BT
REZ TR BT T ANXA3 ] il i £F 2 40 B 7% Ak, 394 58 &%
i AR Rt (PO SR NG EET I T B i
1T R G RRAT o W 245 4 40 1 2 K R ¥ & TGF-p/
Smad. PI3K/Akt. MAPK & Wnt/B-catenin 55 % % £ it
5 M, ANXA3 AT A8 I8 45 M 5515 5 M4 S 5
L AEM RIS A FE o LR, AR FE A2 S T AR R R
55 3 3 5A S U6 AIE ANX A3 78 fili Ji £F 4k 40 i 15 4k h 1)
IHREAE I, 1R JF i 2L T ANXAS 5 55 1 30 61 551 11 78
TR S25 . i, ANXA3 55 IPF 5835 I PR R 1) A
REWARRE . KR A, KRG HEG UL RS
PRI ANXA3 1) R 45 08 6 K H oy TAEF M 4%, 3
o4 T H 4 7R ANXA3 TE il £F 4 4 1 4E T LD, 5F
2 5 HAE NIRRT $E SR ME

25 I, ANXA3 1E Jifi 2F 4 4k v R0k R, @O
ANXA3 7] DU #E MRC-5 41 g (1) 35 4k 5 38 5, 1 i 3%
15 ANXA3 AT DL 22 2035 i TGF-B1 R BUT 51 & 1)
MRC-5 4 Ml ) iE A0 5 4R e ve A% . AR 1 X
Jits £ A% R 42 4 45 B8 ) ANXAS 7T Re SN T
U £ 4 A 30 R 1) 8T SRS

B & TTHK: X BH 5 DT 40 B B s W S8 S BdlE o i Je S0

BE T Bt wot; 282 550395, &
SHE S5 LS KR > s PR ST S 1
RS AR

FUZERSE: AT A& U AAEAER 2T RK R

References

[11  Yu G, Tzouvelekis A, Wang R, et al. Thyroid hormone inhibits
lung fibrosis in mice by improving epithelial mitochondrial
function [J]. Nat Med, 2018, 24: 39-49.

[2]  She YX, Yu QY, Tang XX. Role of interleukins in the pathogenesis
of pulmonary fibrosis [J]. Cell Death Discov, 2021, 7: 52.

[3] Prasad R, Gupta N, Singh A, et al. Diagnosis of idiopathic
pulmonary fibrosis: Current issues [J]. Intractable Rare Dis Res,
2015, 4: 65-69.

[4] Hutchinson J, Fogarty A, Hubbard R, et al. Global incidence and
mortality of idiopathic pulmonary fibrosis: A systematic review
[J]. Eur Respir J, 2015, 46: 795-806.

[5] Kaul B, Lee JS, Zhang N, et al. Epidemiology of idiopathic
pulmonary fibrosis among U. S. veterans, 2010-2019 [J]. Ann
Am Thorac Soc, 2022, 19: 196-203.

[6] Zhao G, Lei S, Li Y, et al. Health-related quality of life and
health state utility value in idiopathic pulmonary fibrosis: A
systematic review and meta-analysis [J]. Health Qual Life
Outcomes, 2025, 23: 3.

[7] Tahara M, Fujino Y, Yamasaki K, et al. Exposure to PM,, is a
risk factor for acute exacerbation of surgically diagnosed idiopathic
pulmonary fibrosis: A case-control study [J]. Respir Res, 2021,
22: 80.

[8] Noble PW, Barkauskas CE, Jiang D. Pulmonary fibrosis:
Patterns and perpetrators [J]. J Clin Invest, 2012, 122: 2756~
2762.

[91 Kelly BG, Lok SS, Hasleton PS, et al. A rearranged form of
Epstein-Barr virus DNA is associated with idiopathic pulmonary
fibrosis [J]. Am J Respir Crit Care Med, 2002, 166: 510-513.

[10] Yagihashi K, Huckleberry J, Colby TV, et al. Radiologic-
pathologic discordance in biopsy-proven usual interstitial
pneumonia [J]. Eur Respir J, 2016, 47: 1189-1197.

[11] Noble PW, Albera C, Bradford WZ, et al. Pirfenidone in patients
with idiopathic pulmonary fibrosis (CAPACITY): Two ran-
domised trials [J]. Lancet, 2011, 377: 1760-1769.

[12] Rangarajan S, Kurundkar A, Kurundkar D, et al. Novel
mechanisms for the antifibrotic action of nintedanib [J]. Am J
Respir Cell Mol Biol, 2016, 54: 51-59.

[13] Riddell P, Kleinerova J, Eaton D, et al. Meaningful survival
benefit for single lung transplantation in idiopathic pulmonary
fibrosis patients over 65 years of age [J]. Eur Respir J, 2020, 56:
1902413.

[14] Feng M, He Y, Wang H. Role of the annexin A protein family in

liver diseases: Insights and therapeutic opportunities [J]. Front



1994 - 22224 Acta Pharmaceutica Sinica 2026, 61(6): 1985-1994

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Pharmacol, 2025, 16: 1569927.

Wang K, Zhang T, Lei Y, et al. Identification of ANXA2
(annexin A2) as a specific bleomycin target to induce pulmonary
fibrosis by impeding TFEB-mediated autophagic flux [J].
Autophagy, 2018, 14: 269-282.

Yan Z, Cheng X, Wang T, et al. Therapeutic potential for
targeting annexin Al in fibrotic diseases [J]. Genes Dis, 2022, 9:
1493-1505.

Su J, Wang L, Guan X, et al. Knocking-down annexin A3
suppresses inflammation, oxidative stress, apoptosis, and
endoplasmic reticulum stress to attenuate sepsis-induced acute
kidney injury in HK2 cells [J]. Cytojournal, 2024, 21: 75.

Chen Z, Ye L, Zhu M, et al. Multi-omics analysis identifies
S100al0/ANXA2 complex within proximal tubule aggravates
acute kidney injury through p-Stat3/Sppl signaling [J]. Transl
Res, 2025, 284: 57-68.

Yu X, Tian W, Bao X, et al. Dissecting the liver inflammation
ecosystem identifies annexin Al as a pro-resolving target for
liver failure [J]. Hepatology, 2026, 83: 1174-1191.

Feng Y, Li W, Wang Z, et al. The p-STAT3/ANXA2 axis
promotes caspase-1-mediated hepatocyte pyroptosis in non-
alcoholic steatohepatitis [J]. J Transl Med, 2022, 20: 497.

Xu F, Guo M, Huang W, et al. Annexin A5 regulates hepatic
macrophage polarization via directly targeting PKM2 and
ameliorates NASH [J]. Redox Biol, 2020, 36: 101634.

Gerke V, Creutz CE, Moss SE. Annexins: Linking Ca®
signalling to membrane dynamics [J]. Nat Rev Mol Cell Biol,
2005, 6: 449-461.

Xu L, Li W, Liu D, et al. ANXA3-rich exosomes derived from
tumor-associated macrophages regulate ferroptosis and lymphatic
metastasis of laryngeal squamous cell carcinoma [J]. Cancer
Immunol Res, 2024, 12: 614-630.

Chen Y, Di M, Tang Y, et al. Epstein-Barr virus causes vascular
abnormalities in epithelial malignancies through upregulating
ANXA3-HIF-1a-VEGF pathway [J]. Oncogene, 2024, 43: 2143-
2159.

Liang J, Zhang J, Fan J, et al. ANXA3 interference inactivates
ERK/ELK1 pathway to mitigate inflammation and apoptosis in
sepsis-associated acute lung injury [J]. Mol Immunol, 2024, 167:
25-33.

Xing M, Liang S, Cao W, et al. Annexin A3 represses endothelial
permeability and inflammation during sepsis via actin cytoskeleton
modulation [J]. Adv Sci (Weinh), 2025, 12: €2416904.

Lederer DJ, Martinez FJ. Idiopathic pulmonary fibrosis [J]. N

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Engl J Med, 2018, 378: 1811-1823.
Wolters PJ, Collard HR, Jones KD. Pathogenesis of idiopathic
pulmonary fibrosis [J]. Annu Rev Pathol, 2014, 9: 157-179.

Liu GY, Budinger GRS, Dematte JE. Advances in the
management of idiopathic pulmonary fibrosis and progressive
pulmonary fibrosis [J]. BMJ, 2022, 377: e066354.

Wan X, Guo D, Zhu Q, et al. MicroRNA-382 suppresses the
progression of pancreatic cancer through the PI3K/Akt signaling
pathway by inhibition of ANXA3 [J]. Am J Physiol Gastrointest
Liver Physiol, 2020, 319: G309-G322.

Walther A, Riehemann K, Gerke V. A novel ligand of the formyl
peptide receptor: Annexin I regulates neutrophil extravasation by
interacting with the FPR [J]. Mol Cell, 2000, 5: 831-840.

Fassel H, Chen H, Ruisi M, et al. Reduced expression of annexin
A2 is associated with impaired cell surface fibrinolysis and
venous thromboembolism [J]. Blood, 2021, 137: 2221-2230.
Huang B, Deora AB, He KL, et al. Hypoxia-inducible factor-1
drives annexin A2 system-mediated perivascular fibrin clearance
in oxygen-induced retinopathy in mice [J]. Blood, 2011, 118:
2918-2929.

Cederholm A, Frostegard J. Annexin AS as a novel player in
prevention of atherothrombosis in SLE and in the general
population [J]. Ann N 'Y Acad Sci, 2007, 1108: 96-103.

Li DQ, Lin M, Abdelrahman Z. High expression of the ANXA3
gene promotes immune infiltration and improves tumor
prognosis in ovarian serous carcinoma using bioinformatics
analyses [J]. Ann Transl Med, 2022, 10: 1055.

Zhou T, Li Y, Yang L, et al. Silencing of ANXA3 expression by
RNA interference inhibits the proliferation and invasion of breast
cancer cells [J]. Oncol Rep, 2017, 37: 388-398.

Du R, Liu B, Zhou L, et al. Downregulation of annexin A3
inhibits tumor metastasis and decreases drug resistance in breast
cancer [J]. Cell Death Dis, 2018, 9: 126.

Wan YCE, Liu J, Zhu L, et al. The H2BG53D oncohistone
directly upregulates ANXA3 transcription and enhances cell
migration in pancreatic ductal adenocarcinoma [J].

Transduct Target Ther, 2020, 5: 106.
Guo C, Li N, Dong C, et al. 33-kDa ANXA3 isoform contributes

Signal

to hepatocarcinogenesis via modulating ERK, PI3K/Akt-HIF and
intrinsic apoptosis pathways [J]. J Adv Res, 2021, 30: 85-102.
Wang S, Zeng X, Gui P, et al. LncRNA EBLN3P facilitates
osteosarcoma metastasis by enhancing annexin A3 mRNA
stability and recruiting HuR [J]. Ann Surg Oncol, 2023, 30:
8690-8703.



