
Supplementary Materials and Methods 

 

RNA Extraction, Complementary DNA (cDNA) Synthesis, and Real-Time Quantitative 

Polymerase Chain Reaction (RT-qPCR) 

Total RNA isolation, cDNA synthesis, and TaqMan RT-qPCR analyses were 

performed as previously described.[1] Target gene mRNA levels were determined with 

TaqMan gene expression assays (Applied Biosystems, Foster City, CA, USA). The assay IDs 

of each gene were as follows: mechanistic target of rapamycin (Hs00234508_m1), IL-1β 

(Hs00174097_m1), IL-10 (Hs00961622_m1), interferon-induced protein 44 

(Hs00197427_m1), 2'-5'-oligoadenylate synthetase 1 (Hs00973635_m1), suppressor of 

cytokine signaling 1 (Hs00705164_m1), and glyceraldehyde 3-phosphate dehydrogenase 

(Hs02758991_m1). 

 

CD14+ Macrophage Isolation in Human HCC Tissue 

Tumor tissue was mashed using a dissociation kit (MACS 130-095-929; Miltenyi 

Biotec, Bergisch Gladbach, Germany). Cell staining was performed using allophycocyanin 

(APC)-conjugated CD14 antibody in the dissociated solution. The OctoMACS separator 

and starting kits (Miltenyi Biotec) were used to isolate CD14+ macrophages (anti-APC 

MicroBeads; MACS 130-090-855; Miltenyi Biotec). CD14+ TAMs were either isolated 

directly from human HCC tumor cell suspensions using CD14 MicroBeads (Miltenyi 

Biotec) or were conditioned using CD14+ cells (CD14 Selection Cocktail; Stemcell 

Technologies, Vancouver, Canada). CD14+ cell purity was >90%, as confirmed by flow 

cytometry analysis (BD LSRII; BD Biosciences, San Jose, CA, USA). 

 

Flow Cytometry 
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Multicolor flow cytometry was performed using a Canto II instrument (BD 

Biosciences). We used the following commercially available antibodies: phycoerythrin (PE)-

conjugated anti-PD-L1, APC-cyanine 7 (Cy7)-conjugated anti-F4/80, APC-conjugated anti-

CD206, APC-conjugated anti-CD27, peridinin-chlorophyll protein complex (PerCP)-Cy5.5-

conjugated anti-CD16, PerCP-Cy5.5-conjugated anti-CD3, APC-conjugated anti-CD138 

(Biolegend, San Diego, CA, USA), fluorescein isothiocyanate-conjugated anti-IgA, PE-

conjugated anti-IgA (Invitrogen, Waltham, MA, USA), Brilliant Violet 421-conjugated anti-

CD14, PerCP-Cy5.5-conjugated anti-CD19, APC-Cy7-conjugated anti-HLA-DR, PE-Cy7-

conjugated anti-CD56, Violet (V)450-conjugated anti-CD8, APC-H7-conjugated anti-CD4, 

V450-conjugated anti-CD11b, V500-conjugated anti-mouse CD45, APC-conjugated anti-PD-

L1, and PE-Cy7-conjugated anti-Ly6G (BD Biosciences). The aqua fluorescent LIVE/DEAD 

dye (Invitrogen) was used to facilitate the elimination of non-viable cells. Data were analyzed 

using FlowJo software (TreeStar, Ashland, OR, USA). 

Intracellular cytokine staining was performed using a previously described protocol.[2, 

3] Briefly, stimulated CD3+ T cells were treated with 5 μg/mL brefeldin A (BD Biosciences) 

and 5 μg/mL monensin (BD Biosciences). Following a 7-h incubation period, the cells were 

subjected to surface marker staining, and then to cell permeabilization using the Foxp3 

Staining Buffer Kit (eBioscience, San Diego, CA, USA). Finally, the cells were incubated 

with PE-Cy7 anti-tumor necrosis factor-α (BD Biosciences). 

 

Bulk RNA Sequencing Analysis 

To verify M2 macrophage activation stimulated by coated IgA, we conducted DEG 

analysis, hierarchical clustering, and gene set enrichment analysis (GSEA) on the 

transcriptome sequencing data from two samples named mock and IgA. We used the 

binomial test implemented in edgeR [4] to identify DEGs from the transcriptome data. Genes 
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showing a log2 fold change of >2 (or <–2), with a P value of <.01 after adjustment by the 

Benjamini–Hochberg procedure, were selected as DEGs. The DEG analysis results are shown 

in a volcano plot. To visualize the overall differences in gene expression patterns between the 

mock and IgA samples, we applied hierarchical clustering implemented in Seaborn [5] with 

the Euclidean distance and average linkage methods. GSEA was performed using the 

g:Profiler tool [6] to identify cellular components, biological processes, or molecular 

functions associated with the DEGs, and the results were visualized using GSEA software [7]. 

 

Immunoblotting  

Cell lysates were prepared, and 20 μg of each lysate was loaded onto sodium dodecyl 

sulfate polyacrylamide gels and analyzed by immunoblotting. The following antibodies were 

used for immunoblotting: mouse monoclonal anti-YAP (G-6; Santa Cruz Biotechnology, 

Dallas, TX, USA), rabbit monoclonal anti-poly (ADP-ribose) polymerase (Cell Signaling 

Technology, Danvers, MA, USA), and rabbit polyclonal anti-superoxide dismutase 2 (Abcam, 

Cambridge, UK). After blotting, the membranes were incubated with primary antibodies 

(diluted 1:1000) overnight at 4°C. The signal was detected using a horseradish peroxidase 

(HRP)-conjugated secondary antibody with enhanced chemiluminescence reagents (GE 

Healthcare, Buckinghamshire, UK). Band densities were measured using Multi Gauge 

imaging software (Elysia-raytest, Straubenhardt, Germany). 

 

Subcellular Fractionation 

Cells were scraped from 10-cm plates into 200 μL fractionation buffer (250 mM sucrose, 20 

mM HEPES [pH 7.4], 5 mM MgCl2, 10 mM KCI, 1 mM ethylenediaminetetraacetic acid, 1 

mM Egtazic acid, 10 mM Tris [pH 7.4], protease inhibitor, 1% NP-40, and phosphatase 

inhibitor). The cell suspension was passed through a 27-gauge needle 10 times using a 1 mL 
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syringe, and then incubated for 20 min on ice, and centrifuged for 5 min at 720 × g (3,000 

rpm). The pellet contained nuclei, while the supernatant contained cytoplasm, membrane, and 

mitochondria. The nuclear pellet was washed by centrifugation for 5 min at 720 × g (3,000 

rpm) with 500 μL fractionation buffer. Then the pellet was dispersed using a pipette, passed 

through a 25-gauge needle 10 times, and centrifuged for 10 min at 3,000 rpm. Finally, the 

supernatant was discarded, while the pellet containing the nuclei was retained. 

 

Immunohistochemistry  

After transferring a 5-μm-thick cross-section of a paraffin-embedded block to a 

silanized glass slide, xylene was used for section de-paraffinization, and a set of graded 

alcohols was applied for section rehydration. A microwave vacuum histoprocessor (RHS-1; 

Milestone, Bergamo, Italy) facilitated antigen extraction by heating specimens for 20 min in 

0.01 M citrate buffer (pH 6.0) to a maximum temperature of 121°C. To avoid endogenous 

peroxide activity, the sections were incubated with 3% hydrogen peroxide in methanol for 10 

min. Next, the slides were incubated with anti-CD3 (Abcam), anti-CD68 (clone: KP1; Dako, 

Carpinteria, CA, USA), anti-IgA (clone: RM128), anti-LPS (clone: 2D7/1), anti-TLR4  and 

anti-PD-L1 (clone: 22C3; Dako) antibodies. Then the slides were washed, and then incubated 

with the EnVision+ system HRP-labeled polymer (Dako) at 24°C for 5 min. This was 

followed by a 5-min treatment with 3, 3ʹ-diaminobenzidine, and then counterstaining with 

hematoxylin. 
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