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Supplementary Materials and Methods 

Microbiome assay 

We extracted DNA from oral biofilm samples. Barcoded amplicons were generated 

covering the 16S rRNA gene V3-V4 region using 341F/805R primers. PCR was 

performed with the FastStart High-Fidelity PCR System dNTP pack as follows: initial 

denaturing at 94°C for 3 minutes, followed by 25 cycles of 98° for 20 seconds, 57.5°C 

for 20 seconds and 72°C for 20 seconds, and a final extension at 72°C for 3 minutes. 

PCR products were purified using an Agencourt AMPure XP (Beckman Coulter Life 

Sciences) purification kit. Sequencing of the multiplexed pooled libraries was 

performed on a MiSeq system (Illumina, USA). The details are presented in the 

manufacturer’s protocol (TRH Biotech., Inc.). Paired-end reads were joined and poor 

quality reads were excluded using default parameters in QIIME. The quality-filtered 

reads (from N =35 samples) were clustered into operational taxonomic units (OTUs) 

against Ribosomal Database Project (RDP) framework 11.5, released in September 

2016, and assigned taxonomy using QIIME V1.8.0. The α-diversity (within-subject 

diversity) was assessed by richness, and the β-diversity (between-subject diversity) 

was assessed at the OTU level using unweighted and weighted UniFrac distances. 

Canonical correspondence analysis and principal coordinate analysis (PCoA) were 

used to visualize the data. The differential abundances of OTUs between healthy 
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controls and patients with ESCC were determined using linear discriminant analysis 

effect size (LEfSe). 

Immunofluorescence (IF) staining 

Cells demonstrating exponential growth were seeded onto cover slips for 

immunofluorescence staining after treatment. At the indicated times after treatment, 

the cells were fixed, permeabilized with 2% paraformaldehyde for 5 minutes and 

washed with PBST. The slides were incubated for 1 h at room temperature with 

antibodies against the target protein and for 1 h with a FITC- or Texas Red-conjugated 

secondary antibody. The slides were counterstained with DAPI to visualize the nuclei. 

After two washes with PBST, the specific target proteins were visualized using a 

fluorescence microscope. 

Enzyme-linked immunosorbent assay (ELISA) of in vitro and in vivo IL-6 and 

vitamin D3 levels 

The blood was drawn for calcitriol and IL-6 quantification from mice at the indicated 

times. The levels of IL-6 in the cell supernatants and murine serum samples and 

vitamin D3 in serum were analyzed using an IL-6 Quantikine ELISA Kit (R&D 

Systems) and a mouse 1,25-dihydroxy vitamin D3 (DHVD3) ELISA kit, respectively. 
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Suppl. Figure Legends 

Figure 1 Microbiome assay for oral specimens in EsoSCC patients  

Overall microbiota diversity in relation to EsoSCC is shown with (a) α-diversity and 

(b) β-diversity. 

Figure 2 Staining of PG correlates with the prognosis of esophageal cancer 

Survival differences demonstrated according to the presence of PG in cumulative 

disease-failure rate.  

Figure 3 Effect of PG infection associated with the changes of CSC 

Effect of PG infection on CSC-related proteins with Flow cytometric analysis of 

CD44 and PD-L1 using CE81T cancer cells 

Figure 4 Correlation between PG infection and IL-6 signaling  

Relationship between PG, autophagy and IL-6 signaling. The changes of LC3II, IL-6 

and CD44 expression were evaluated by immunofluorescence using CE81T cancer 

cells, and the results of representative slides are shown. (DAPI, blue; LC3/IL-6, 

green; B-catenin/CD44, Red). 

Figure 5 Effects of Calcitriol on ALDH1 expression in PG-infected cells in vitro. 

The expression of ALDH1 from cancer cells with or without calcitriol treatment and 

PG infection was evaluated by immunofluorescence in vitro. (DAPI, blue; target 

protein, green) 
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Figure 6 Effect of UVB-light treatment on the levels of calcitriol in 4-NQO-

induced esophageal tumor model  

The effects of UVB-light treatment on the levels of (a) IL-6, and (b) calcitriol in 

serum from 4-NQO-treatment mice with various condition at autopsy.  
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