
Table SI. Role of inflammatory cytokines and immune cells in AM formation and fertility. 
A, Pro-inflammatory cytokines 

Molecular 

marker 

Expression in 

AM 

Mechanisms promoting AM formation Role in fertility (Refs.) 

IL-6 Upregulated 1. Activates the TLR4/NF-κB, IL-6/JAK2/STAT3, 
PI3K/AKT/mTOR and RAS/RAF/MEK/ERK 
pathways; 
2. Promotes proliferation and invasion; 
3. Correlates with the severity of dysmenorrhea. 

1. Persistent activation of the JAK/STAT3 pathway 
impairs endometrial receptivity and affects embryo 
implantation; 
2. Causes immune and vascular dysfunction at the 
placental/decidual interface; 
3. Targeted therapy (such as tocilizumab) may improve 
pregnancy outcomes.  

(1-4) 

CXCL8 Upregulated 1. Activates the CXCL8/CXCR1 axis and 
FAK/PI3K/AKT signaling pathway; 
2. Enhances the adhesion and invasive capacity of 
stromal cells; 
3. Loss of cyclical expression patterns leads to 
disordered repair of the eutopic endometrium and 
aberrant angiogenesis. 

1. Reduced cervical mucus fertilization environment; 
2. Correlated with oocyte maturation and embryo 
quality; 
3. Interferes with blastocyst implantation via CXCR1. 

(5-8) 

IL1B Upregulated 1. Activates the TLR/MyD88 pathway; 
2. Upregulates IL-6, CXCL8, COX-2 and VEGF 
through the canonical NF-κB pathway. 

1. Disrupts Th17/Treg balance; 
2. IL-1Ra/IL-1β predicts adverse pregnancy; 
3. Impairs E2/P-mediated ER;  
4. Inhibits sperm-zona pellucida binding. 

(9-13) 

COX-2 Upregulated 1. Promotes proliferation, angiogenesis and immune 
suppression; 
2. ActivatesPGE2/CYP19A1 (estrogen-
inflammation loop); 
3. Serves as a biomarker for dysmenorrhea in 
patients with AM. 

1. Impairs telocyte function;  
2. Disrupts the gamete transport/implantation 
microenvironment. 

(14-17) 

IL-15 Upregulated 1. Drives endometriosis-associated inflammation. 1. Induces abnormal uNK proliferation and maturation; 
2. Exacerbates lesion inflammation;  
3. Causes decidualization defects. 

(18,19) 

IL22 Upregulated 1. Enhances the invasiveness of stromal cells; 
2. Upregulates the expression of pro-angiogenic 
factors such as VEGF, IL-6 and IL-8. 

Serum levels are inversely correlated with the IVF 
embryo implantation rate. 

(20-22) 

NF-κB Upregulated 1. A central hub of inflammatory responses 
regulates multiple pro-inflammatory mediators 
(such as IL-6, IL-8, TNF-α and COX-2); 

1. Alters Th17/Treg cell ratio, affecting trophoblast 
invasion and angiogenesis in the placenta; 
2. Downregulates PR-B expression; 

(23-26) 



2. Modulates inflammation, proliferation, 
angiogenesis and tissue remodeling. 

3. Alters LIF expression. 
 

B, Anti-inflammatory cytokines 

Molecular 

marker 

Expression in 

AM 

Mechanisms promoting AM formation Role in fertility (Refs.) 

IL10 Upregulated 1. Induces HLA-G; 
2. Downregulates classical class I and class II 
antigens; 
3. Suppresses pro-inflammatory cytokines; 
4. Evades immune surveillance. 

1. Regulates the STAT3/HOXA10 signaling pathway, 
affecting ER; 
2. Reduces the levels of uNK cells at the maternal-
placental interface, supporting normal pregnancy.  

(27-29) 

IL-33 Downregulated Inhibits NF-κB transcriptional activity. Its function 
in the endometrium is not yet clear. 

1. IL-33/ST2 pathway regulates the expression of 
HOXA10;  
2. Affects the decidualization process. 

(30) 

C, Immune cell-derived cytokines 

Molecular 

marker 

Expression in 

AM 

Mechanisms promoting AM formation Role in fertility (Refs.) 

TGF-β Upregulated 1. Activates Smad2/3 phosphorylation;  
2. Induces EMT, FMT and SMM,  
3. Promotes collagen synthesis in the ECM;  
4. Inhibits MMPs, leading to ECM metabolic 
imbalance. 

1. Anti-TGF-β1 therapy can improve fibrosis 
progression and pregnancy outcomes; 
2. TGF-β1 may serve as a potential target for improving 
endometrial receptivity. 

(31-33) 

IL11 Downregulated 1. Key implantation regulator; 
2. Together with its receptor, it is downregulated in 
AM. 

1. Involved in aberrant gp130 signaling; 
2. Reduced expression leads to defective 
decidualization. 

(34,35) 

LIF Downregulated 1. IL-6 cytokine family member; 
2. Regulates decidualization and endometrial 
receptivity. 

Mediates blastocyst development, decidualization and 
trophoblast differentiation 

(36) 

D, Immunocytes 

Molecular 

marker 

Expression in 

AM 

Mechanisms promoting AM formation Role in fertility (Refs.) 

Macrophage
s 

M1 are 
downregulated 
and M2 are 
upregulated 

1. Imbalance in M1/M2 macrophage phenotypes; 
2. M2 secretes IL-10, TGF-β and other factors; 
3. Promote angiogenesis and proliferation of ectopic 
lesions; 
4. CCL2/CCR2 axis, miR-301a-3p and EV-
LGMNP1 drive M2 polarization. 

1. Disrupt maternal-fetal interface in pro-inflammatory 
microenvironments; 
2. Impair LIF production; 
3. Affect endometrial receptivity. 

(17,37-40) 



NK cells Upregulated 1. Increases uNK cells count; 
2. Reduces expression of KIRs. 

1. Linked to recurrent miscarriage/implantation failure;  
2. Mediates spiral artery/placental development. 

(41-43) 

Mast cells  Upregulated 1. Releases TGF-β1 and FGF;  
2. Promotes disease progression. 

No clear reports are available. (44) 

T cells Upregulated Elevated T cell subsets (CD3+ T cells and CD4+ and 
CD8+ T cells) in eutopic endometrium. 

1. Imbalance in the Th17/Treg ratio weakens the 
maternal-fetal immune tolerance;  
2. Increases implantation immune rejection risk. 

(45) 

AM, adenomyosis; TLR4, Toll-like receptor 4; NF-κB, nuclear factor κ-B; JAK2, Janus kinase 2; STAT3, signal transducer and activator of transcription 3; AKT, protein 
kinase B; mTOR, mammalian target of rapamycin; RAS, rat sarcoma virus; RAF, rapidly accelerated fibrosarcoma; MEK, mitogen-activated protein kinase kinase; ERK, 
extracellular regulated protein kinases; E2, estradiol; CXCL8, interleukin-8; CXCR1, C-X-C chemokine receptor type 1; FAK, focal adhesion kinase; VEGF, vascular 
endothelial growth factor; IL, interleukin; MyD88, myeloid differentiation primary response 88; COX-2, cyclooxygenase-2; PGE2, prostaglandin E2; CYP19A1, cytochrome 
P450 family 19 subfamily A member 1; uNK, Uterine natural killer cells; IVF, in vitro fertilization; HLA-G, human leukocyte antigen-G; ST2, suppression of tumorigenicity 
2; HOXA10, homeobox A10; ER, endometrial receptivity; TGF-β, transforming growth factor-β; EMT, epithelial-mesenchymal transition; FMT, fibroblast-myofibroblast 
transition; SMM, smooth muscle metaplasia; ECM, extracellular matrix; MMPs, matrix metalloproteinases; gp130, glycoprotein 130; LIF, leukemia inhibitory factor; CCL2, 
C-C motif chemokine ligand 2; CCR2, C-C chemokine receptor type 2; EV-LGMNP1, extracellular vesicle-derived long non-coding RNA gastric cancer metastasis-
associated lncRNA 1; KIRs, killer cell immunoglobulin-like receptors; FGF, fibroblast growth factor; Th17, T helper 17 cells; Treg, regulatory T cells. 
 
 
  



Table SII. Summary of drugs for the treatment of female infertility associated with adenomyosis based on inflammatory cytokines. 
A, Non-steroidal anti-inflammatory drugs 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Celecoxib In vitro (ESCs) and clinical 
trial. 

COX-2, NF-κB and IL1B/IL-
6/TNF 

1. Downregulates IL1B, IL-6, TNF and NF-κB expression; 
2. Inhibits COX-2 and PGE2; 
3. Improves inflammation-related pregnancy failure. 

(46,47) 

B, Hormonotherapy 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

GnRH-a Clinical trial, mice, in vitro 
and ESCs. 

GnRH receptor, IL1B/MCP-
1/VEGF and 
HOXA10/HOXA11 

1. Decreases IL1B, MCP-1 and VEGF;  
2. Increases HOXA10, HOXA11, integrin β3 and LIF, 
improving the level of embryo implantation. 

(48-51) 

GnRH-A Clinical trial. Pituitary GnRH receptor and 
pro-inflammatory cytokines 

1. Blocks pituitary GnRH receptors (no “flare-up effect”); 
2. Rapid ovarian function recovery; 
3. Downregulates pro-inflammatory cytokines 

(50,52) 

Dienogest In vitro, ESCs and clinical 
trial. 

HPO axis, IL-1β/IL-6/IL-
8/TNF-α and NK cells 

1. Inhibits HPO axis (E2: 30-50 pg/ml);  
2. Suppresses immunity, inflammation and angiogenesis; 
3. Regulates key inflammatory cytokine expression (such as 
IL-1β, IL-6, IL-8, IL-10, IL-18, MCP-1 and TNF-α); 
3. Increases NK cells (promote immune tolerance) 

(53,54) 

C, Immunomodulators - interleukin-targeted therapies 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Tocilizumab In vitro and ESCs. IL-6 receptor and 
JAK2/STAT3 

1. Inhibits exosome-induced cell proliferation and 
migration and induces G1/S cell cycle arrest; 
2. Suppresses the IL-6/JAK2/STAT3 signaling pathway. 

(55) 

AMY109 In vivo and monkey model. IL-8/MCP-1 and neutrophil 
chemokine receptors 

1. Inhibits neutrophil recruitment;  
2. Decreases IL-8 and MCP-1; 
3. No impairment to ovarian function. 

(56,57) 

Metformin In vivo (mice) and clinical 
trial. 

IL-6/IL-8, VEGF/MMP9 and 
LIF/HOXA10 

1. Reduces uterine volume and AM incidence; 
2. Downregulates pro-inflammatory cytokines (IL-6 and IL-
8) and angiogenic factors (VEGF and MMP9);  
3. Upregulates LIF and HOXA10, enhances endometrial 
receptivity and supports successful pregnancy outcomes. 

(58,59) 

Anakinra Clinical trial. IL-1 receptor 1. Reduces VAS pain scores;  (60) 



2. No effect on ovulation/menstrual regularity. 
LXA4 In vivo (mice). IL1B/IL-6, COX-2, 

VEGF/HIF1A and TGF-β 
1. Downregulates proinflammatory cytokines IL1B and IL-
6, COX-2 and PGE; 
2. Decreases VEGF and HIF1A;  
3. Regulates the TGF-β subtypes, decreases lesion size and 
improves fertility 

(61,62) 

D, Immunomodulators - NF-κB Inhibitors 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Disulfiram In vivo (rats) NF-κB (nuclear translocation) 
and VEGF-A/MMP2 

1. Decreases total antioxidant status, TNF-α and IL-1β; 
2 Inhibits NF-κB; 
3. Downregulates VEGF-A and MMP2 expression; 
4. Reduces postoperative inflammatory adhesions.  

(63,64) 

Melatonin In vivo (mouse) ROS, TNF/IL1B, NF-κB and 
VEGF 

1. Inhibits ROS, TNF and IL1B (suppress NF-κB); 
2. Increases the expression of VEGF; 
3. Alleviates uterine oxidative damage. 

(65,66) 

E, Immunomodulators - TNF-α inhibitors 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Etanercept In vivo (baboon) and in 

vitro (rat). 
TNF-α and VEGF/IL-6 1. Downregulates VEGF, IL-6 and TNF; 

2. Reduces lesion volume; 
3. Improves pregnancy outcomes. 

(67-69) 

Pentoxifylline  In vivo (rat) and in vivo 
(human). 

IL1B and TNF 1. Downregulates IL1B, TNF and other inflammatory 
cytokines; 
2. Alleviates postoperative pain; 
3. Improves pregnancy outcomes. 

(70,71) 

F, Development of new technologies - specialized targeting materials 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Intralipid In vitro (NK cells). NK cell activity 
(immunoreceptors) 

1. Suppresses NK cell activity (anti-inflammatory and 
immunosuppressive effects); 
2. Increases live birth rates; 
3. Improves adverse pregnancy outcomes. 

(72-74) 

Nanoparticles In vivo and human IL-4 plasmid (macrophages), 
ROS and oocyte protective 
proteins 

1. Targeted delivery of IL-4 (reverse M2 polarization); 
2. Eliminates ROS to inhibit angiogenesis and protect 
oocytes. 

(75-78) 



MicroRNA In vitro and ESCs. NF-κB (miR-182), IKKβ 
(miR-199a) and IL-8 

1. miR-182 inhibits proliferation, migration, invasion and 
EMT (suppress NF-κB); 
2. miR-199a targets IKKβ (inhibits NF-κB/IL-8). 

(23,79-83) 

G, Traditional Chinese Medicine 

Medication Experimental 

model/study design 

Key drug targets Function (Refs.) 

Paeoniflorin sodium  In vitro and ESCs PGE2 and PGF2α 
(prostaglandin synthases) 

1. Reduces PGE2 and PGF2α; 
2. Alleviates lesion inflammation. 

(84) 

Resveratrol In vivo (mice) and in vivo 
(human). 

COX-2 and aromatase 
(CYP19A1) 

1. Inhibits myometrial infiltration and pain (no hormonal 
homeostasis); 
2. Downregulates COX-2 and aromatase expression. 

(85) 

Oleuropein In vivo (mice). ERβ, NLRP3 inflammasome, 
TNFα/NF-κB and IL-
6/JAK/STAT3 

1. Inhibits ERβ/NLRP3 (suppresses IL-1β);  
2. Regulates multiple signaling pathways, including 
TNFα/NF-κB, ROS and IL-6/JAK/STAT3; 
3. Repairs decidualization defects. 

(86,87) 

Quercetin In vitro and ESCs. Fascin/ezrin and MMP-
2/MMP-9 (invasion proteins) 

1. Inhibits ectopic ESC migration and invasion (dose-
dependent); 
2. Downregulates invasion-related proteins such as fascin, 
ezrin and MMP-2/MMP-9. 

(88) 

Tanshinone IIA sulfonate In vivo (rats),  TGF-β1/Smad3/NF-κB;  Sodium tanshinone IIA sulfonate inhibits platelet 
aggregation and suppresses the TGF-β1/Smad3 and NF-κB 
signaling pathways, thus attenuating fibrosis. 

(89) 
 

Rhein In vivo (mice) NF-κB/Wnt/β-catenin Rhein reduces IL-1β-induced NF-κB expression and 
inhibits Wnt/β-catenin; exerts anti-inflammatory/fibrotic 
effect. 

(50) 

Berberine In vitro and EESC. IL-6/IL-8 and ESC 
proliferation 

Berberine reduces invasiveness, downregulates IL-6 and 
IL-8 and promotes ESCs apoptosis. 

(90) 

COX-2, cyclooxygenase-2; CYP19A1, cytochrome P450 family 19 subfamily A member 1; E2, estradiol; EMT, epithelial-mesenchymal transition; EESC, ectopic 
endometrial stromal cells; ESCs, endometrial stromal cells; Erβ, estrogen receptor β; GnRH-a, gonadotropin-releasing hormone agonist; GnRH-A, gonadotropin-releasing 
hormone antagonist; HIF1A, hypoxia-inducible factor 1 α; HPO, hypothalamic-pituitary-ovarian; HOXA10, homeobox A10; HOXA11, homeobox A11; IKKβ, IκB kinase β; 
IL, interleukin; JAK, Janus kinase; STAT3, signal transducer and activator of transcription 3; LIF, leukemia inhibitory factor; MCP-1, monocyte chemoattractant protein-1; 
MMP, Matrix Metalloproteinase; miR, microRNA; NK cells, natural killer cells; NLRP3, nod-like receptor family pyrin domain containing 3; PGE2, prostaglandin E2; 
PGF2α, prostaglandin F2 α; ROS, reactive oxygen species; TGF-β, transforming growth factor-β; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. 
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