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Low-dose metformin reprograms the tumor immune microenvironment in human esophageal cancer
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Immunohistochemical analysis
[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK199][bookmark: OLE_LINK200]We performed immunohistochemistry (IHC) staining as previously described (1-4). Briefly, 4-µm sections were cut from formalin-fixed paraffin-embedded specimens and underwent deparaffinization, rehydration, followed by endogenous peroxidase blocking and antigen retrieval. The following primary antibodies were used: Ki67 (Cat. ab16667; Abcam), cleaved Caspase-3 (Cat. 9664; Cell signaling), CD68 (Cat. ab213363; Abcam), CD11c (Cat. ab52632; Abcam), CD163 (Cat. ab182422; Abcam), CD4 (Cat. ab133616; Abcam), CD8 (Cat. ab101500; Abcam), FoxP3 (Cat. ab99964; Abcam), CD20 (Cat. ab78237; Abcam) and PD-L1 (Cat. 66248-1-Ig; ProteinTech). After incubation overnight at 4 °C with primary antibodies, sections were then incubated with horse radish peroxidase (HRP)-conjugated secondary antibodies at room temperature for 1h, followed by color development with 3, 3’-diaminobenzidine (DAB) substrate. Nuclei were counterstained with hematoxylin. The percentage of stained cells was calculated by dividing the number of stained cells by the total number of hematoxylin-stained nuclei, derived from ten random high-power ﬁelds (×400). All sections were evaluated by two independent observers.

Immunofluorescence Microscopy
Immunofluorescence (IF) assay for single marker staining were performed as previously described (3). The primary antibody against human PD-L1 (Cat. 66248-1-Ig; ProteinTech), murine PD-L1 (Cat. 66248-1-Ig; ProteinTech) and CD19 (Cat. ab25232; Abcam) were used.  Alexa-Fluor 488-conjugated (Green) secondary antibody was used, and the nuclei were counterstained with DAPI (4',6-Diamidino-2-Phenylindole, Dihydrochloride). Images were obtained using Zeiss Imager A2a fluorescence microscope.
Multiplex Immunofluorescence (mIF) was performed for multiple markers staining using PerkinElmer Opal kit (Perkin-Elmer, Waltham, MA, USA) following the work flow outlined by the manufacturer. The following primary antibodies were used: CD4 (Cat. ab133616; Abcam), CD20 (Cat. ab78237; Abcam), CD8 (Cat. ab101500; Abcam), p-AMPK (Cat. ab23875; Abcam), p-STAT3 (Cat. #9145; Cell Signaling Technology), TNF-α (Cat. ab9739; Abcam), IFN-γ (Cat. ab9657; Abcam), CD11c (Cat. ab52632; Abcam) and IL-10 (Cat. ab34843; Abcam). For murine tissues, the following antibodies were used: CD4 (Cat. ab183685; Abcam), CD8α (Cat. #98941; Cell Signaling Technology), FoxP3 (Cat. ab99964; Abcam), F4/80 (Cat. ab240946; Abcam), CD206 (Cat. ab64693; Abcam), CD11c (Cat. ab52632; Abcam), p-AMPK (Cat. ab23875; Abcam), p-STAT3 (Cat. #9145; Cell Signaling Technology), TNF-α (Cat. ab9739; Abcam), IFN-γ (Cat. ab9657; Abcam) and IL-10 (Cat. ab9969; Abcam). Nuclei were stained with DAPI. Images were acquired using a Vectra 3 pathology imaging system microscope (PerkinElmer, Waltham, MA, USA). Colocalization between markers was quantified by the Manders’ coefficient using ImageJ software colocalization plugin JACoP (5).

Analysis of apoptosis by Annexin V-FITC
Apoptosis was quantified with an Annexin V-FITC apoptosis detection kit (Beyotime Institute of Biotechnology) as described by the manufacturer’s instructions. After exposure to metformin (1 mM, 3 mM or 5 mM) for 48 h, tumor cells were collected and washed with PBS, gently resuspended in Annexin V binding buffer and incubated with Annexin V-FITC/Propidium Iodide. Flow cytometry was performed using Cellquest software (BD Biosciences, San Jose, CA, USA).

Preparation of primary human macrophages
Monocytes were enriched from peripheral blood mononuclear cells (PBMCs) (obtained from healthy donors after informed consent) by magnetic-activated cell sorting using CD14 magnetic beads (Miltenyi Biotec). Monocytes were differentiated into macrophages (M0) in RPMI 1640 culture medium supplemented with fetal bovine serum (10%), granulocyte-macrophage colony-stimulating factor (50 ng/ml) and macrophage colony-stimulating factor (50 ng/ml) for 7 days. To generate type 1 macrophages, M0 cells were primed by lipopolysaccharide and IFN-γ for additional 24 h.

In vitro macrophage phagocytosis assay
KYSE 140 and KYSE 150, the ESCC cells, were cultured in RPMI 1640 culture medium (Gibco) supplemented with 10% fetal bovine serum (Systembio), 10 mmol/L glutamine, 100 units/ml penicillin (Sigma, St. Louis, MO), and 100 μg/ml streptomycin (Sigma). These cell lines authenticated using short tandem repeat validation analysis by the Cell Culture Service, Beijing Microread Genetics Co., Ltd. (Beijing, China). Cells were immediately amplified after the authentication, and frozen in liquid nitrogen serve as the stock for our experiments. 
KYSE 140 cells or KYSE 150 cells were incubated with or without metformin (3 mM) for 48 h at 37 °C. Subsequently, macrophages incubated with or without metformin (3 mM) for 48 h at 37 °C were harvested and pre-seeded at 6 × 104 cells/well in 12-well plates. Tumor cells were labeled with cell proliferation dye CFSE (Thermofisher) or pHrodo green pH indicator (Thermofisher) according to manufacturer’s instructions. Tumor cells were washed and added to pre-seeded macrophages (effector to target ratio =1:5) and incubated for 3 h at 37 °C. Tumor cells were gently removed by washing with PBS 2–3 times and phagocytosis was analyzed by confocal microscopy (LSM 880) or flow cytometry (BD Bioscience, San Jose, CA, USA). Cells were stained with anti-human CD11b-Alexa Flour 594 (1 μg/ml) to visualize macrophages. Each condition was quantified by evaluating three randomly chosen fields of view.
For flow cytometry (6), dissociated cells were stained with anti-human CD11b-Alexa Flour 594 (1 μg/ml). The percentage of phagocytosis was calculated by counting the number of macrophages containing pHrodo-labeled tumor cells per 100 macrophages.
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