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Supplemental Materials and Methods 1 

Cell lines and drug treatment  2 

GES-1 is a SV40 transformed human fetal gastric epithelial cell line, which were established 3 

in 1994 and proved to maintain a normal cytoskeleton, positive in PAS reaction and were non-4 

tumorigenic in nude mice [31]. GES-1, SGC7901, MKN28, MKN45, and AGS cells (originally 5 

purchased from ATCC) were maintained in RPMI-1640 medium; BGC823 and HEK293T cells 6 

(originally purchased from ATCC) were cultured in Dulbecco’s modified Eagle’s medium 7 

(Thermo Scientifc HyClone, Beijing, China). All the cell lines were recently authenticated by 8 

cellular morphology and the short tandem repeat analysis using the AmpF/STR Identifier Kit 9 

(Applied Biosystems) as previously described [32]. All cells were incubated at 37 oC in a 10 

humidified atmosphere containing 5% CO2. Cholic acid (CA), deoxycholic acid (DCA), 11 

chenodeoxycholic acid (CDCA) and dehydrocholicacid (DHCA) were purchased from Sigma-12 

Aldrich (St. Louis, MO, US) and dissolved in DMSO. The cells were treated with bile acids after 13 

24-hour starvation in medium containing 0.1% FBS. PDTC and Bay 11-7082 were purchased from 14 

Abcam, dissolved in DMSO and treated to cells following the manufacture’s instruction. GW4064 15 

and Guggulsterone (Tocris BioTechne, Shanghai, China) and Lipopolysaccharide (LPS, Cell 16 

Signaling Technology) were treated to cells following the manufacture’s instruction.  17 

RNA extraction and qRT-PCR 18 

Total RNA for cultured cells was extracted by TRizol reagent (Invitrogen, CA, USA). Reverse 19 

transcription PCR was performed using the PrimeScript RT reagent kit (TaKaRa, Dalian, China) 20 

following the manufacturer’s instruction. Quantitative real-time PCR was performed using SYBR 21 

Premix Ex Taq II (TaKaRa) and measured in a LightCycler 480 system (Roche, Basel, 22 
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Switzerland). Expression of U6 or GAPDH was used as the internal control. 2-△△CT referred to the 1 

fold-change of the RNA expression of one sample when compared to the calibration sample. The 2 

PCR primers were listed in Supplementary Table S1. 3 

Protein extraction and western blot 4 

Total proteins were prepared from cultured cell samples by complete cell lysis (Roche, 5 

Mannheim, Germany) with protease and phosphatase inhibitor. Denatured proteins (20–50 mg) 6 

were separated on SDS-PAGE and transferred to membranes. The following primary antibodies 7 

were used: CDX2, p65, phospho-p65 (Ser536), IKKα/β/γ, IκB α/β/ε (all from Cell Signaling 8 

Technology, Danvers, MA, US), Foxd1(Abcam, Cambridge, MA, US; Sigma-Aldrich, St. Louis, 9 

MO, US), KLF4 (Abcam, Cambridge, MA, US), S-I (SantaCruz biotechnology, Dallas, TA, US), 10 

Foxj1 (Sigma-Aldrich, St. Louis, MO, US) and β-actin (Sigma-Aldrich, St. Louis, MO, US). The 11 

bands were scanned using ChemiDocXRS+ Imaging System (Bio-Rad) and quantified using 12 

Quantity One v4.6.2 software (Bio-Rad). 13 

Immunofluorescence 14 

Cells were plated onto glass coverslips and fixed with 4% paraformaldehyde for 20 min and 15 

permeabilized with 0.1% Triton X-100 in PBS for 15 min. Blocking solution was applied for 1 h 16 

at room temperature. Primary antibodies (anti-MUC2, anti-VIL1, Cambridge, MA, US) were 17 

applied at 4°C overnight. FITC-conjugated secondary antibodies were loaded and incubated for 2 18 

h at room temperature. Immunostaining signals and DAPI-stained nuclei were visualized at room 19 

temperature using a confocal microscope (FV10i; Olympus) equipped with a 10×/0.30 NA 20 

objective lens (Olympus) and Fluoview software (version 4.3; Olympus). Quantitation of p65 21 

distribution was evaluated by blinded observers on a per-slide basis, in 100 cells of each condition. 22 
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No imaging medium was used. For better visualization, the images were adjusted using the levels 1 

and brightness/contrast tools in Photoshop according to the guidelines for the presentation of 2 

digital data. 3 

MicroRNA microarray  4 

Cells were incubated with DCA for 24 h after a 24h starvation. Then the media were changed 5 

back to normal one and RNA were extracted 48 h later. MicroRNA microarray analysis was 6 

performed with a total of 1347 represented miRNAs (Agilent Technologies, Palo Alto, CA, USA) 7 

following the manufacturer’s instruction. Each slide was hybridized with 100ng Cy3-labeled RNA 8 

using miRNA Complete Labeling and Hyb Kit (Agilent technologies) in hybridization oven 9 

according to the manufacturer’s instructions. After hybridization, slides were washed in staining 10 

dishes and scanned images were analyzed using Feature Extraction software version 10.7.3.1 11 

(Agilent Technologies), and data analysis was performed using GeneSpring 7.3.1 (Agilent 12 

Technologies). To highlight miRNAs that characterize each group, a per-gene on median 13 

normalization was performed. 14 

mRNA microarray analysis  15 

Cells were incubated with CDCA for 24 h after a 24h starvation. Then the media were changed 16 

back to normal one and RNA were extracted 48 h later. Whole genome expression analysis was 17 

performed with Agilent human whole genome 4 × 44K array (Agilent technologies, Santa Clara, 18 

CA, US) following the manufacturer’s instruction. Total RNA was amplified and labeled by Low 19 

Input Quick Amp Labeling Kit, One-Color (Agilent technologies), followed the manufacturer’s 20 

instructions. Labeled cRNA were purified by RNeasy mini kit (QIAGEN, GmBH, Germany). Each 21 

Slide was hybridized with 1.65μg Cy3-labeled cRNA using Gene Expression Hybridization Kit 22 
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(Agilent technologies). After 17 hours hybridization, slides were washed in staining dishes 1 

(Thermo Shandon, Waltham, MA, US) with Gene Expression Wash Buffer Kit (Agilent 2 

technologies. Slides were scanned by Agilent Microarray Scanner (Agilent technologies) with 3 

default settings, Dye channel: Green, Scan resolution=5μm, PMT 100%, 10%, 16bit. Feature 4 

Extraction software 10.7 (Agilent technologies) Raw data were normalized by Quantile algorithm, 5 

Gene Spring Software 11.0 (Agilent technologies). 6 

ISH and IHC 7 

For IHC, the target molecules was performed on tissue microarray chips (Shanghai Outdo 8 

Biotechnology) using Foxd1 antibody (Cell Signaling Technology), CDX2 (Cell Signaling 9 

Technology) and p-p65 (abcam). The slides were incubated with HRP-conjugated secondary 10 

antibodies (Dako). The proteins were visualized in situ with DAB chromogenic substrate (Dako), 11 

followed by counterstaining with hematoxylin. For ISH, a 5’- and 3’-digoxigenin (DIG)-labeled 12 

locked nucleic acid-based probe specific for miR-92a-1-5p (Exiqon) was incubated with the same 13 

tissue microarray chip as used for the IHC. The probe was detected using DIG antibody (Abcam), 14 

LSAB2 System HRP, and liquid DAB Substrate Chromogen System (Dako). 15 

       The results of IHC and ISH were independently scored by two independent observers. 16 

Expression levels were visualized and classified based on the percentage of positive cells and the 17 

intensity of staining. The percentage of positive cells was divided into four grades (percentage 18 

cores): <1% (0), 1–25% (1), 26–50% (2), 51–75% (3) and >75% (4). The intensity of staining was 19 

divided into four grades (intensity scores): negative (0), weak (1), moderate (2) and strong (3) 20 

(Supplemental Fig. S1). The histological score (H-score) was determined by the following formula: 21 

overall scores = percentage score × intensity score. An overall score of 0–12 was calculated and 22 
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graded as low (score: 0-4), high (score: 5-12). Cutoff values were determined based on a measure 1 

of heterogeneity using the log-rank test with respect to overall survival.  2 

Constructs and lentivirus infection 3 

Expression vectors encoding Foxd1 and Foxj1 were constructed by cloning the open reading 4 

frames and downstream 3’-UTR into the pcDNA 3.1 vector (Invitrogen) between HindIII and 5 

EcoRI sites for expression driven by the CMV promoter. The 3’-UTR fragments of  Foxd1 6 

containing miR-92a-1-5p putative target sites were amplified and cloned between XhoI and NotI 7 

sites downstream of the SV40 promoter-driven Renilla luciferase cassette in psiCHECK-2 8 

(Promega) as previously described (25, 32). A site-directed mutagenesis kit (Agilent Technologies) 9 

was used to mutate the miR-92a-1-5p binding sites of these vectors according to the 10 

manufacturer’s instructions. The shRNA sequences of Foxd1 and Foxj1 were amplified and cloned 11 

into the GV115 vector (GeneChem) between AgeI and EcorI sites for expression driven by the 12 

CMV promoter. Virus packaging was performed in HEK 293T cells after co-transfection using 13 

Lipofectamine 2000 (Invitrogen) of lentiviral vectors with the packaging plasmid pHelper 1.0 14 

vector (GeneChem) and the envelope plasmid pHelper 2.0 vector (GeneChem). At 48 hours after 15 

transfection, supernatants containing lentiviral particles were collected, and the virus titer was 16 

quantified according to the manufacturer’s instructions. The sequences of shRNAs were listed in 17 

Supplementary Table S1. 18 

EZ-TFA assay 19 

        To detect the activity of p65, a NF-κB Family EZ-TFA Transcription Factor Assay 20 

Chemiluminescent Kit (Millipore, Schwalbach Germany) was used according to the 21 

manufacturer’s protocol. In brief, 20 ng cell extract was prepared using lysis buffer (Dignam A or 22 
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C for cytosolic or nuclear extracts, respectively) and mixed with the NF-κB Capture Probe. Plates 1 

were washed 3 times with wash buffer after incubation with mixture for 1h at room temperature. 2 

Antibodies were diluted and added to each well. An HRP-conjugated secondary antibody is then 3 

used for detection. Varioskan Flash Multimode Reader (Thermo-Fisher) was used to read the 4 

absorbance at 460nm with a reference wavelength at 650 nm. 5 
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