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Supplemental Materials and Methods
In Vivo Experimental Grouping
To investigate the effects of Tregs on cardiac function and angiogenesis following acute myocardial infarction (AMI) in mice, the experiment was divided into several groups: (1) Sham group, (2) Control group (AMI only), (3) IgG group, where mice received isotype control antibody injections for three days prior to AMI induction, (4) anti-CD25 group, where Tregs were partially depleted with anti-CD25 before AMI, and (5) IL-2/JES6-1 group, where Tregs were expanded with IL-2/JES6-1 prior to AMI induction. Following AMI, Tregs were infused via tail vein injection in the presence or absence of anti-CD25-mediated Treg depletion to assess their contribution to post-AMI cardiac function and angiogenesis. Additionally, overexpression of AREG⁺ Tregs was used to evaluate their effects on cardiac function and angiogenesis after AMI. To further explore the role of FoxM1, the AMI + anti-CD25 group, AMI + anti-CD25 + AREG⁺ Tregs group, and AMI + anti-CD25 + AREG⁺ Tregs + siFoxM1 group were studied. This allowed the examination of how AREG⁺ Tregs affect cardiac function, angiogenesis, and monocyte-macrophage infiltration in Treg-depleted mice following FoxM1 inhibition in myocardial tissue.
[bookmark: _Hlk164971644]Mouse model of AMI
A permanent ligation of the left anterior descending (LAD) artery or a sham procedure was performed on experimental animals according to a previously published protocol[1]. Mice were anesthetized with 1% isoflurane and maintained under general anesthesia. A 1.2 cm incision was made on the left chest, and the pectoralis major and external intercostal muscles were bluntly dissected to expose the heart. The LAD artery was ligated 2 mm below the left atrial appendage using a 7-0 suture [1]. Sham-operated mice underwent the same procedure without LAD ligation. The chest cavity was closed with a purse-string suture, and mice that did not survive the first 24 hours post-surgery were excluded from analysis. Electrocardiograms (ECG) were used to confirm successful coronary occlusion by detecting ST-segment elevation.and TTC staining, along with HE and Masson staining, confirmed myocardial fibrosis following the induction of AMI (S1).
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	[bookmark: OLE_LINK13][bookmark: _Hlk134022378]Supplement Figure 1: Acute myocardial infarction (AMI) model in mice.
Representative images of electrocardiograms (ECG), TTC staining, and HE and Masson staining for both the sham-operated and acute myocardial infarction (AMI) groups in mice.


Clearance and expansion of Treg cells in mice
[bookmark: OLE_LINK28]C57BL/6J mice used for the preparation of myocardial infarction model were injected intraperitoneally with anti-CD25 antibody 250μg per mouse 3 days before modeling to remove mouse treg cells in vivo[2], and the control group was injected with the same amount of isotype control IgG antibody (S 2A).
[bookmark: OLE_LINK34]C57BL/6J mice used to induce the myocardial infarction model were intraperitoneally injected with an IL-2/JES6-1 complex (5 μg JES6-1 + 1 μg IL-2 per mouse) daily for 3 days prior to surgery[3]. The control group received an equivalent dose of isotype control IgG antibody (S 2B).
Adoptive Transfer of Mouse Treg Cells
Mouse Treg cells were collected from in vitro cultures and resuspended in PBS for counting. The cells were centrifuged at 1500 rpm for 5 minutes, and the supernatant was discarded. A total of 1 × 10^⁶ Treg cells were resuspended in 200 μL PBS and injected via the tail vein on the day of AMI model induction. In the control group, 200 μL of PBS was injected via the tail vein without Treg cells (S 2C).
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	[bookmark: OLE_LINK22]Supplement Figure 2: Schematic representation of the experimental design. A. Mice were intraperitoneally injected with anti-CD25 (250 μg/mouse) or isotype control IgG three days prior to acute myocardial infarction (AMI) induction. Ultrasound and histology were performe
d at day 28 post-AMI. B.Mice received IL-2/JES6-1 complex (6 μg/mouse) or isotype control IgG intraperitoneally for three consecutive days before AMI. Ultrasound and histological assessments were conducted 28 days after AMI.C. On the day of MI induction (Day 0), 1 × 10⁶ Treg cells or 200 μL of PBS were administered intravenously (i.v.) via the tail vein. Cardiac function and tissue remodeling were assessed by ultrasound and histological analysis 28 days post-AMI.


Flow cytometric analysis
[bookmark: OLE_LINK15]Single-cell suspensions were prepared as previously described with slight modifications[4]. Briefly, mice were deeply anesthetized and intracardially perfused with 40 ml of ice-cold PBS to remove blood cells. Hearts were then dissected, minced, and enzymatically digested in Hanks’ balanced salt solution (HBSS, Sigma-Aldrich) containing 1 mg/ml type II collagenase, 100 U/ml elastase (both from Worthington Biochemical Corporation), and 100 U/ml DNase I (Sigma-Aldrich) for 1.5 hours at 37°C with gentle agitation. The digested tissue was triturated and passed through a 70 μm cell strainer (BD Falcon), followed by centrifugation (15 min, 500 × g, 4°C). Post-erythrocyte lysis, cells were washed with RPMI-1640 medium and counted for further analysis. To block nonspecific binding to Fcγ receptors, cells were incubated with anti-CD16/32 antibody (BD Bioscience) at 4°C for 5 min. The cells were then stained with the following antibodies for 20 min at 4°C: CD45-APC-Cy7 (Biolegend , #103114), FITC anti-mouse CD4(Biolegend, #100510), and PE anti-mouse Foxp3 (Biolegend, #126404).CD11b (eBioscience, #25-0112-82), Ly6G (eBioscience, #145931), F4/80 (eBioscience, #17-4801-82), Ly6C (BioLegend, #128018), MHCII (BioLegend, #107618) (S3).Flow cytometric analysis was performed using a FACSAria (BD Biosciences), and data were analyzed with FlowJo software (Tree Star)[5].
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	[bookmark: OLE_LINK23]Supplement Figure 3: The gating strategy for sorting Tregs from heart tissue homogenates. Tregs were identified as CD45+CD4+foxp3+.AREG+Tregs were identified as CD45+CD4+foxp3 + AREG+.


Transthoracic echocardiography 
[bookmark: OLE_LINK35]Echocardiography was conducted on day 28 post-MI using a Vevo 2100 imaging system equipped with an MS400 transducer (VisualSonics, Toronto, Canada). Mice were sedated with 2% isoflurane and placed supine on a temperature-controlled platform. Chest hair was removed with depilatory cream, and heart rate and body temperature were continuously monitored. Left parasternal long-axis views were captured to assess ejection fraction, and basal short-axis views were used to calculate fractional shortening. Three consecutive cardiac cycles were analyzed and averaged for each measurement [6].
Histologic analysis
[bookmark: OLE_LINK1]Mice were euthanized via cervical dislocation, and their hearts were excised. The hearts were immediately perfused with normal saline, fixed in 4% paraformaldehyde (Servicebio, Wuhan, China), and placed on an orbital shaker overnight at 4°C. The tissues were then dehydrated, embedded in paraffin, and sectioned into 5 μm slices[7]. Hematoxylin-eosin and Masson’s trichrome staining (Solarbio, Beijing, China) were performed according to the manufacturer’s protocols. Fibrotic areas were visualized under a microscope (Olympus, Tokyo, Japan), and images were analyzed using ImagePro Plus software.
Immunofluorescence staining
The paraffin sections were deparaffinized and subjected to antigen retrieval using citrate buffer. Samples were blocked with goat serum at 25°C for 1 hour, followed by incubation with primary antibodies: mouse monoclonal anti-cardiac troponin T (Abcam, ab8295, 1 µg/ml), rabbit polyclonal anti-CD31 (Proteintech Group, 28083-1-AP, 1:20), and rabbit polyclonal anti-alpha smooth muscle actin (Abcam, ab124964, 1:250) at 4°C overnight. Cells were also incubated with primary antibodies including rabbit polyclonal anti-CD31 (Proteintech, 28083-1-AP, 1:500) and anti-vWF (Bosterbio, PB9273, 1:250) under the same conditions.After primary antibody incubation, sections and cells were treated with Alexa Fluor-conjugated secondary antibodies for 1 hour at room temperature, followed by DAPI counterstaining (Beyotime Biotechnology, Jiangsu, China). Images were captured using an Olympus BX61 microscope and analyzed with ImagePro Plus software[8].
Real-time quantitative PCR
[bookmark: OLE_LINK18]Total RNA from the heart or CMECs was extracted using RNAiso Plus (Takara Bio, Shiga, Japan), according to the manufacturer’s instructions. The concentration of the isolated RNA was determined using an Ultra-Micro spectrophotometer (Implen, Munich, Germany). cDNA was synthesized using PrimeScript™ RT Master Mix (Takara Bio, Shiga, Japan). A quantitative real-time PCR assay was performed using the Fast SYBR Green Master Mix on the ViiA 7 Real-Time PCR system (Bio-rad, Hercules, CA, USA). The mRNA level of each sample was normalized to that of β-actin. The data were computed using the 2−ΔCt method. The primer sequences (Sangon Biotech, Shanghai, China) used in the RT-qPCR assay were as follows: 
	Gene
	Primer sequence

	β-actin
	Forward 5’-GCTATGCTCTCCCTCACG-3’
Reverse 5’-ACGCACGATTTCCCTCT-3’

	AREG
	Forward 5’-TTTGGTGAACGGTGTGG-3’
Reverse 5’-AATAGCTGCGAGGATGATG-3’

	Foxm1
	Reverse 5’-AATAGCTGCGAGGATGATG-3’
Reverse 5’-AATAGCTGCGAGGATGATG-3’

	Fen1
	Forward 5’-AGAGCATCCGTGGCATT-3’
Forward 5’-AGAGCATCCGTGGCATT-3’

	Mybl2
	Forward 5’-GTACGCTTCGCCCCTTC-3’
Forward 5’-GTACGCTTCGCCCCTTC-3’

	Mcm10
	Forward 5’-GCCACTCTCTTTGGTGATG-3’
Forward 5’-GCCACTCTCTTTGGTGATG-3’

	Gins2
	Forward 5’-TGGATGTGGAGAAACTGGA-3’
Reverse 5’-TGCTTTGGGGATGTTGTC-3


Western blotting analysis
[bookmark: OLE_LINK6]Total protein from heart-derived Tregs or CMECs was extracted using RIPA lysis buffer supplemented with phosphatase and protease inhibitors (Beyotime Biotechnology, Jiangsu, China). Protein concentrations were determined using the BCA Protein Assay Kit (Solarbio, Beijing, China). Equal amounts of protein (20 μg per lane) were separated on 10% SDS-PAGE gels (Epizyme Biomedical Technology, Shanghai, China) and transferred to PVDF membranes. Membranes were blocked with 5% nonfat dry milk for 1 hour at 27°C, followed by overnight incubation with primary antibodies at 4°C. The primary antibodies included AREG (Proteintech, 16036-1-AP, 1:1000, Chicago, IL, USA) and FoxM1 (Proteintech, 13147-1-AP, 1:1000, Chicago, IL, USA).The membranes were then incubated with appropriate secondary antibodies for 1 hour at room temperature. Protein bands were visualized using ECL FemtoLight Oxidant (Epizyme Biomedical Technology, Shanghai, China), and band intensity was quantified using ImageJ software.
Enzyme-linked immunosorbent assay (ELISA)
The levels of VEGF-A, fibroblast growth factor (FGF), and AREG in the culture supernatants were determined using ELISA kits according to the manufacturer’s instructions (MEIMIAN, Jiangsu, China).
[bookmark: OLE_LINK7]Isolation and culture of Treg cells
C57BL/6J mice (6–8 weeks old) were euthanized via cervical dislocation and disinfected with 75% ethanol for 5 minutes. Under aseptic conditions, the spleen was removed, rinsed with pre-chilled PBS, and the surrounding adipose tissue was carefully trimmed. The spleen was minced in pre-chilled PBS, and the cell suspension was obtained by filtering through a 400-mesh sieve. Erythrocytes were lysed by adding 2–3 mL of erythrocyte lysis buffer for 5 minutes, and the reaction was terminated by adding 2–3 mL of complete medium (10% FBS). The lysate was passed through another filter to yield a single-cell suspension, which was collected in a 15 mL centrifuge tube and centrifuged at 600g for 5 minutes. The cell pellet was resuspended in 5 mL of buffer, and cell counting was performed.A CD4+CD25+ regulatory T cell isolation kit was used to sort Tregs. Cells were resuspended in 40 μL buffer per 10⁷ cells, followed by the addition of 10 μL of CD4+CD25+ regulatory T cell Biotin-Antibody Cocktail and 38 μL buffer per 10⁷ cells. After mixing, 20 μL of Anti-Biotin MicroBeads and 2 μL of CD25-PE antibody were added per 10⁷ cells. The mixture was incubated at 2–8°C for 15 minutes. Sorting was performed using an MS column placed on a magnetic stand. After rinsing with 2 mL buffer, the sorted CD4+ T cell suspension was collected. The cells were centrifuged at 600g for 5 minutes, and the supernatant was removed. The pellet was resuspended in 90 μL buffer with 10 μL anti-PE magnetic beads, incubated at 2–8°C for 15 minutes, and sorted again using the same method.After the final sort, CD4+CD25+ T cells were collected and resuspended in RPMI-1640 medium containing 10% FBS, 1% penicillin-streptomycin, 2% glutamine, 8 μg/mL anti-CD3 antibody, 4 μg/mL anti-CD28 antibody, 10 ng/mL recombinant IL-2, and 10 ng/mL recombinant TGF-β1. Cells were then cultured in 6-well plates and incubated at 37°C in a 5% CO2 atmosphere[9].
[bookmark: OLE_LINK9]Cardiac microvascular endothelial cell (CMEC) culture
[bookmark: OLE_LINK2][bookmark: OLE_LINK10]Newborn mice (<3 days old) were sterilized with 75% ethanol for 10 seconds. The left ventricle was then isolated, and excess tissue was removed. The myocardial tissue was washed three times with pre-chilled PBS and briefly soaked in 75% ethanol for 15 seconds. After washing, the tissue was cut into approximately 1 × 1 × 1 mm blocks and evenly distributed in a 25 cm² culture flask containing 1 mL of fetal bovine serum. The flask was incubated at 37°C with 5% CO₂ for 4 hours. Once the tissue blocks adhered, 2 mL of endothelial cell complete medium (containing 10% fetal bovine serum, 1% penicillin, and 1% heparin) was gently added, and incubation continued under the same conditions. After approximately 7 days, paving stone-like monolayer cells were observed. Cells were subcultured at 80–90% confluence, and CMECs within three passages were used for the experiments[10]. For hypoxia treatment, the cells were placed in a hypoxia chamber (Thermo Fisher Scientific, Waltham, MA, USA) and subjected to 1% O2, 5% CO2, and 94% N2 for 24 hours at 37°C. Control CMECs were maintained under normoxic conditions (21% O2, 5% CO2) in a standard incubator.After the treatment, the cells were harvested for subsequent assays, including cell viability, proliferation, and protein expression analysis [11].
EdU-labeling experiments
The proliferation of CMECs was assessed using the EdU proliferation assay kit (RIBOBIO, C10310, Guangzhou, China) according to the manufacturer's instructions. Briefly, 2.5 × 10^5 CMECs were incubated with EdU for 2 hours, followed by fixation in 4% paraformaldehyde for 30 minutes at room temperature. The cells were then stained with Apollo for 30 minutes and counterstained with Hoechst 33342 to label the nuclei. Fluorescence microscopy (Olympus, Tokyo, Japan) was used to visualize and capture images of the stained cells.
Flow cytometric analysis of cell cycle
The cell cycle of CMECs was assessed using flow cytometry with a cell cycle detection kit, following the manufacturer’s protocol (4A Biotech, FXP0211, Beijing, China). Briefly, 1×10^6 CMECs were harvested and fixed in 70% ethanol at 4°C for 24 hours. Cells were then stained with propidium iodide (PI) solution and incubated at 37°C for 30 minutes. Flow cytometric analysis was performed using a Guava flow cytometer (Millipore, MA, USA).
Cell migration assay
[bookmark: OLE_LINK14]CMECs (2 × 10^4 cells/well) were seeded into the upper chamber of an 8 μm pore-sized Transwell insert (Corning 3422, Corning, NY, USA), while Tregs (1 × 106cells/well) were seeded in the lower chamber [12]. The co-culture was maintained in a CO₂ incubator for 12 hours. After incubation, the inserts were removed, washed twice with PBS, and fixed in 4% paraformaldehyde for 15 minutes. The chambers were then washed 2–3 times with PBS, stained with crystal violet for 10 minutes, and rinsed again with PBS. Once air-dried, the migrated cells were visualized under a microscope, and images were captured from five randomly selected fields. Migration was quantified using ImageJ software.
CMEC tube formation assay
CMECs were seeded on Matrigel Matrix (Corning (354230), Corning, NY, USA) in μ-Slide angiogenesis slides (ibidi (81506), Martin Reid, Germany) at a density of 2 × 10^4 cells/well, for 4 h, according to the manufacturer’s instructions. Imaging was performed using an Olympus BX61 microscope. One field at 50× magnification was used for each well. Quantification was carried out by counting the number of junctions and meshes and the total tube length per 50× image by imageJ. 
Overexpression and inhibition of AREG in Tregs
Lentiviruses overexpressing AREG or containing an empty vector, as well as AREG interference or control lentiviruses, were synthesized by HanHeng Biotechnology (Shanghai, China). Cell transfection was performed according to the manufacturer's protocol. Briefly, cultured suspension Tregs were counted and centrifuged at 600g for 5 minutes to collect the cell pellet. The cell number was adjusted to 1 × 10^5 CMECs in a culture flask.Based on preliminary experiments, an MOI of 200 was selected. The required viral volume was calculated according to cell number and viral titer, then added to the Treg culture medium. Tregs were resuspended in the virus-containing medium, transferred to a 6-well plate, and centrifuged at 200g for 1 hour using a flat-angle rotor. Cells were then incubated at 37°C with 5% CO₂. After 48 hours, infection efficiency was confirmed by Western blot (WB) and RT-qPCR[13]. 
[image: ]
	Supplement Figure 4: Expression of AREG in Tregs after interference. A . The relative mRNA level of AREG in sh-NC and sh-AREG group. n = 6 per group. *P< 0.05 vs sh-NC.B.AREG protein levels in the infarcted myocardium were quantified by Western blotting at sh-NC and sh-AREG group.


[bookmark: OLE_LINK5][bookmark: OLE_LINK11]Inhibition of FoxM1 in CMECs
[bookmark: OLE_LINK21]RNA interference (shRNA) in CMECs (1 × 10^5 cells/well) was conducted using 21-nucleotide RNA duplexes. Four FoxM1-targeting shRNAs were synthesized by Shanghai GenePharma Co. (Shanghai, China): FoxM1-homo-461 (5′-GCT GGG ATC AAG ATT ATT AAC-3′), FoxM1-homo-579 (5′-GCA GTA GTG GGC CCA ACA AAT-3′), FoxM1-homo-1044 (5′-GGA AGC GCA TGA CTT TGA AAG-3′), and FoxM1-homo-1822 (5′-GGA AAT GCT TGT GAT TCA ACA-3′). A non-targeting control shRNA (FoxM1-homo-NC, 5′-ACT ACC GTT GTT ATA GGT G-3′) labeled with FAM fluorophore was used to monitor transfection efficiency. The shRNA duplexes were introduced using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s protocol.
[image: ]
	Supplement Figure 5: The expression of green fluorescent protein was detected by immunofluorescence. Representative fluorescence images demonstrate the localization and expression levels of EGFP within the cells, confirming successful transfection.


FoxM1 inhibition in vivo
[bookmark: OLE_LINK19]The inhibition of FoxM1 expression in the myocardium was performed based on previous studies with slight modifications. Specifically, the procedure was initiated immediately following myocardial infarction (MI) in mice.100 μg of adenovirus (a titer of 1×109v.g/ml containing an empty vector or the target gene, designed by PackGene Biotech) was injected via a micro-infusion pump in situ at multiple points in the infarct border zone below the ligature line(5 points in total, 20 μg per injection per point) into left ventricular anterior wall  with six mice for each injection[14]. 
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	Supplement Figure 6. AREG+ Tregs mediate CMEC proliferation, migration, and tube formation under hypoxic conditions.
A. Representative EdU staining images of CMECs,quantification of EdU-positive cells is shown on the right. n = 3 per group. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
B. Flow cytometry analysis of the cell cycle in CEMCs in the Nor, Ctrl,oe-NC,oe-AREG groups. The proportion of cells in G0/G1, S, and G2/M phases is displayed in the accompanying bar graph. n = 3 per group. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
C. Representative migration assay results (crystal violet staining) with corresponding quantification of fold change in migrated cells. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
D and E. Tube formation assay illustrating the effects of AREG overexpression on angiogenesis, with quantification of the number of junctions ,meshs and total tuble length. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
F. Expression of AREG, VEGF-A, and FGF in CMECs co-cultured with Tregs under the specified conditions. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
G. Representative EdU staining images of CMECs in the Nor, Ctrl,sh-NC,sh-AREG groups,and quantification of EdU-positive cells is shown on the right. n = 3 per group. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
H. Flow cytometry analysis of the cell cycle in CEMCs in the Nor, Ctrl,sh-NC,sh-AREG groups. The proportion of cells in G0/G1, S, and G2/M phases is displayed in the accompanying bar graph. n = 3 per group. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
I. Representative migration assay results (crystal violet staining) with corresponding quantification of fold change in migrated cells. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
J and K. Tube formation assay illustrating the effects of CMECs in the Nor, Ctrl,sh-NC,sh-AREG groups,with quantification of the number of junctions ,meshs and total tuble length. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
L. Expression of AREG, VEGF-A, and FGF in CMECs co-cultured with Tregs under the specified conditions. *P< 0.05 vs Nor, #P< 0.05 vs Hy.
Note:CMECs cultured normally were set as Nor group. CMECs cultured under hypoxia for 24 hours were set as Hypoxia (Hy) group. Treg cells transfected with a lentivirus carrying a negative control were co-cultured with hypoxia-treated CMECs for 48 hours, referred to as the Hy-OE-NC group. Treg cells transduced with a lentivirus carrying AREG were co-cultured with hypoxia-treated CMECs for 48 hours, referred to as the Hy-OE-AREG group. Under the same hypoxic conditions,CMECs co-cultured with Tregs transfected with a negative control vector were designated as the sh-NC group, while those co-cultured with Tregs in which AREG expression was silenced were designated as the sh-AREG group.


[bookmark: _Hlk188868717]Relevant studies were selected based on the following criteria
Studies that directly addressed Tregs, myocardial infarction (AMI), angiogenesis, and the role of FoxM1 were prioritized. Only articles that were pertinent to the specific cellular and molecular mechanisms of Treg function in cardiovascular diseases were included.And recent publications (preferably within the last 5years) were emphasized to ensure the inclusion of up-to-date knowledge and techniques.In addition, more consideration should be given to peer-reviewed journals with established impact factors or high citation rates in the field were considered. Studies using experimental models similar to those in our research (e.g., mouse models of AMI, adoptive transfer of Tregs, or FoxM1 inhibition) were prioritized for better comparability.
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