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SUPPLEMENTAL MATERIALS AND METHODS  

Immunohistochemistry 

All immunohistochemistry was performed on the Leica (Buffalo Grove, IL) Bond III automated 

stainer, using their Polymer Refine Detection Kit (cat # DS9800). Formalin-fixed, paraffin-

embedded biopsy specimens were deparaffinized, and heat-induced epitope retrieval (HIER) 

was completed with either Leica Epitope Retrieval Solution 1 (H1, citrate based, pH 6.0, cat # 

AR9961) or Epitope Retrieval Solution 2 (H2, EDTA based, pH 9.0, cat # AR9640). This was 

followed by incubation with the primary antibody for 30 minutes, and incubation with anti-rabbit 

secondary antibody for 15 minutes. For each primary antibody, the following conditions were 

used:  HIF-1α (Neomarkers, cat # MS-1164-PABX ,Thermo Fisher Scientific, Fremont, CA) 

1:100 dilution, HIER: H2 20 minutes; HIF-2α (Abcam, cat# ab20654, Cambridge, MA) 1:250 

dilution,  HIER: H2 20 minutes;  p65 (Cell Signaling Technologies, cat# 8242, Danvers, MA) 

1:800 dilution, HIER: H1 30 minutes; or phospho-p65 (Abcam, cat# ab86299) 1:750 dilution, 

HIER: H1 30 minutes. HIF staining was optimized using sections of smooth muscle as negative 

controls, lung as a HIF-1α positive control, and rectum as a HIF-2α positive control. Phospho-

p65 and total p65 staining were optimized using sections of smooth muscle as negative controls 

and ovarian carcinoma as a positive control for both p65 antibodies. Staining intensity was 

quantitated using an H-score technique. 1, 2  In brief, staining intensity was scored on a 0-3 scale 

(0=no staining, 1=faint staining, 2=moderate staining, 3=strong staining), and the percentage of 

cells at each staining intensity was determined.  The H-score was calculated using the formula 

[3 x (% cells with strong staining) + 2 x (% cells with moderate staining) + 1 x (% cells with weak 

staining)]; possible score range 0-300. Tissues were evaluated and scored by two expert 

gastrointestinal pathologists (AA, RDO) who were blinded to the experimental groups.  

 

Additional Cell Lines 

We generated non-neoplastic oesophageal squamous (NES-B10T) cell lines stably expressing 
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shRNA for HIF-2α or RELA/p65, along with corresponding controls.  The shHIF-2α(#2) retroviral 

mammalian expression vector (HIF2α#3-pSUPER-retro-GFP/Neo) and the control retroviral 

vector pSUPER-Retro-GFP/Neo were a gift from William Kaelin (Addgene plasmid #22132 and 

#221333). The pGFP-B-RS-RELA/p65 human shRNA retroviral mammalian expression vector 

and the control pGFP-B-RS were obtained from Origene Technologies (Rockville, MD). 

Retroviral particles were generated as previously described. 4  NES-B10T cells were infected at 

approximately 50% confluence in the presence of 4 mg/ml of Polybrene (Sigma, St. Louis, MO) 

for 10–12 hours. After recovery for 72 hours, cells were selected in 60 µg/ml G418 for shHIF-2α 

or 4 µg/ml blasticidin for shRELA/p65 for 10 days. Cell clones were selected using cloning 

cylinders. We also performed experiments using a human T-cell line (Jurkat; American Type 

Culture Collection, Manassas, VA) which was cultured in RPMI1640 media (Gibco Life 

Technologies, Waltham, MA) plus 10% fetal bovine serum (FBS) as previously described. 5 

 

HIF-1α RNA Interference 

NESB10-T cells were equally plated in 6-well tissue culture plates and transfected using 

Lipofectamine LTX Regent (Invitrogen, Carlsbad, CA) and OptiMEM (Life Technologies) with 25 

pmol/ml of the SMARTpool ON-TARGETplus HIF-1α siRNA (Thermo Scientific, Waltham, MA) 

for 72 hours per the manufacturer’s instructions. As a control, cells were transfected with ON-

TARGETplus Non-targeting siRNA #1 (Thermo Scientific, Waltham, MA).  After transfection, the 

medium was removed and replaced with growth medium. The efficiency of the siRNA for 

inhibiting HIF-1α expression was determined by RT-PCR. 

 

HIF-2α Small Molecule Antagonist 

Cells were pre-treated with 10 µM concentrations of a novel, highly selective small molecule 

inhibitor of HIF-2α (active enantiomer (S,R)-37 Peak 2) and its inactive enantiomer (R,S)-37 

Peak 1, and these agents remained in the media for the duration of the experiment. 6 
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 Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

For human tissues and cell lines, total RNAs were isolated by using the RNeasy Mini kit 

(Qiagen, Valencia, CA) per manufacturer's instructions and quantitated by using the 

Nanophotometer (IMPLEN, Westlake Village, CA). Reverse transcription for RNA from cells 

were performed using QuantiTect Reverse Transcription kit (Qiagen) per manufacturer's 

instructions. Primer sequences are shown in Supplemental Table 1.  For analysis of HIF-1α, 

HIF-2α, GAPDH, IL-1β, and ICAM-1, PCR conditions consisted of 94°C for 5 minutes followed 

by 29 cycles at 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s; for IL-8 and TNF-α, PCR 

conditions consisted of 94°C for 5 minutes followed by 29 cycles at 94°C for 30 s, 57°C for 30 s, 

and 72°C for 30 s; for COX-2 and p65, PCR conditions consisted of 94°C for 5 minutes followed 

by 33 cycles at 94°C for 30 s, 53°C for 30 s, and 72°C for 30 s.  Following amplification, PCR 

products were electrophoresed on 2% agarose gels and stained with ethidium bromide. GAPDH 

transcripts served as internal controls. mRNAs were quantified using NIH Image J 1.48 

software, and the relative quantity of mRNA with respect to GAPDH mRNA was calculated.  All 

PCR analyses were performed in two independent experiments.  

 

Reporter Activity Assays 

Cells were equally seeded in 24-well plates one day before transfection. For transfection, we 

used the HRE-luciferase reporter construct containing 3 tandem repeats of the HRE [gift from 

Navdeep Chandel [Addgene,Cambridge, MA, plasmid #267317] or the NF-κB reporter construct 

containing 4 repeats of the NF-κB consensus binding site (generous gift of Zhiping Liu, 

University of Texas Southwestern);  the renilla reporter pRL-TK (Promega, Madison, WI) 

plasmid was used to equalize for transfection efficiency.  As a control, cells were transfected 

with the PLG3-luciferase reporter plasmid lacking the insert (Promega). Cells were transfected 

for 5 hours with 500 ng/well of the HRE, the NF-κB, or the PLG3 reporter constructs along with 
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25 ng pRL-TK by using Lipofectamine LTX (Invitrogen, Grand Island, NY) per manufacturer's 

instructions. After transfection, the medium was removed and replaced with growth medium for 

24 hours. For both the reporter assays, cells were treated with acidic bile salt medium for 1 

hour, then changed to growth medium for 6 or 24 hours. Luciferase activities were determined 

at 24 hours using the Dual Luciferase kit (Promega) for the HRE reporter; NF-κB reporter 

activities were determined at 6 hours. Data were expressed as relative light units for firefly 

luciferase normalized to renilla luciferase.   

 

Nuclear and Cytoplasmic Fractionation, Western Blotting, and Immunoprecipitation 

Nuclear proteins were extracted using the NE-PER Nuclear and Cytoplasmic Extraction kit 

(Thermo Fisher Scientific, Rockford, IL) per the manufacturer’s instructions. Total protein was 

extracted using 200 l of 1X cell lysis buffer (Cell Signaling Technology, Danvers, MA) 

supplemented with 0.5 mM phenylmethylsulfonyl fluoride (PMSF) according to the 

manufacturer’s instructions.  Protein concentrations were determined using the BCA-200 

Protein Assay kit (Pierce, Rockford, IL). Proteins were separated by SDS-polyacrylamide gel 

electrophoresis (PAGE), transferred to nitrocellulose membranes and incubated with primary 

antibodies overnight at 4oC (Supplemental Table 2).  Secondary antibody was either goat anti-

rabbit, horse anti-mouse IgG (Cell Signaling Technology), or mouse anti-goat IgG(Santa Cruz 

Biotechnology, Santa Cruz, CA) conjugated with horseradish peroxidase (Cell Signaling 

Technology), and chemiluminescence was determined using the ECL detection system (Pierce, 

Rockford, IL). The membranes were stripped and re-probed with mouse anti-β-tubulin (Sigma, 

St. Louis, MO) as a loading control; TF-IID was used as nuclear protein loading control. For 

immunoprecipitation assays in cells overexpressing hemagglutinin (HA)-tagged VHL, cells were 

pretreated with 20 µM of MG132 (Calbiochem) to prevent proteasome-mediated degradation of 

HIF-2α, followed by exposure to acidic bile salt medium for 1 hour. After 1 hour, the medium 

was removed and replaced with neutral medium containing MG132 for an additional 2 hours, 
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after which the cells were washed in cold PBS and placed in lysis buffer containing 50 mM 

TrisHCL, 150 mM NaCl, 1% NP-40 with one tablet of protease inhibitor (Roche) per 50 ml of 

buffer. Equal amounts of protein were immunoprecipitated with a 1:50 dilution of HA antibody 

overnight at 4° C, followed by a 1 hour incubation with 50 µl protein A-sepharose beads at 4° C. 

The beads were then boiled and the supernatants were used to immunoblot with a HIF-2α 

antibody. Protein expression levels were quantified using NIH Image J 1.48 software, and the 

relative quantity of protein with respect to β-tubulin, TF-IID, or HA-VHL was calculated.  All 

Western blots were performed in two independent experiments.  

 

 

PHD Activity Assays 

The HIF-2α oxygen-dependent degradation (ODD) domain was PCR amplified from HA-HIF2α-

wt-pBABE-Puro plasmid [gift of William Kaelin; Addgene plasmid #260558]. PCR conditions 

consisted of incubation at 95°C for 5 minutes followed by 35 cycles at 95° C for 30 seconds, 

60°C for 30 seconds, and 72° C for 1 minute. PCR products were electrophoresed on 1.5% 

agarose gels and stained with ethidium bromide.  PCR products were purified by using Qiaquick 

gel extraction kit (Qiagen,Valencia, CA) per manufacturer’s instructions.  The HIF-2α ODD 

cDNA fragment was cut with EcoRI and XhoI (New England Biolabs, Ipswich, MA), then 

subcloned into pGEX6P1 (generous gift of Dr. Yuh Min Chook, University of Texas 

Southwestern). The plasmid pGEX6P1-HIF2αODD was transformed into E coli BL21(DE3) 

(generous gift of Dr. Yuh Min Chook, University of Texas Southwestern), and protein expression 

was induced by using 1 mM isopropyl h-dthiogalactoside for 6 hours. Cells were collected and 

subjected to sonification in buffer B 9, followed by centrifugation (15,000g, 30 min). The 

supernatant was incubated with glutathione–agarose beads at 4°C for 16 hours. Thereafter, the 

beads were washed three times with 1 ml buffer NETN (20mM Tris/HCl (pH 8.0), 100 mM NaCl, 
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1 mM EDTA, and 0.5% NP-40), and the purified protein was eluted. Purified GST-HIF2αODD 

was assessed by SDS–PAGE, followed by Coomassie blue staining.  

Wild-type full length human VHL was cut from plasmid HA-VHL-wt-pBabe-Puro [gift of 

William Kaelin; Addgene plasmid #192343] using BamHI and EcoRI (New England Biolabs). 

Ligation of this fragment was then performed with pcDNA3.1 (generous gift of Zhiping Liu, 

University of Texas Southwestern), and wild-type human VHL protein was synthesized from 

pcDNA3.1-VHL by in vitro translation using the TNT coupled reticulocyte lysate system per the 

manufacturer’s instructions (Promega, Madison, WI).  

NES-G4T and NES-B10T cell lysates containing the PHD protein were collected after a  

24 hour exposure to acidic bile salt or neutral media by homogenization at 4°C in protein lysis 

buffer followed by centrifugation (14,000g for 10 minutes), and total protein concentration was 

determined using the BCA-200 Protein Assay kit.  Equal amounts of cell extracts (400 µg 

protein) were incubated with 40 µl of GST-HIF2αODD-bound agarose beads at 30°C for 90 

minutes in 500 µl of reaction buffer (20 mMTris/HCl (pH 7.5), 5 mM KCl, 1.5 mM MgCl2, 1 mM 

dithiothreitol, 2 mM 2-oxoglutarate, 2 mM ascorbate, 100uM FeSO4); as a control, no cell 

extract was added to the GST-HIF2αODD-bound agarose beads. After being washed three 

times with 1 ml of cold NETN buffer each, the GST-HIF2αODD-bound beads were incubated for 

90 minutes at 4°C with 15 µl aliquots of in vitro-translated VHL protein in 500 µl EBC buffer (50 

mM Tris/HCl (pH 8.0), 120 mMNaCl, 0.5% N P-40). Beads were washed three times with cold 

NETN buffer, re-suspended and boiled in 2X SDS–PAGE sample buffer, analyzed by SDS–

PAGE, and immunoblotted with a VHL antibody. Cells were also pre-treated with 10 µM 

concentration of N-acetylcysteine (NAC), an ROS scavenger, or 10 µM concentration of 

diphenylene iodonium (DPI), a nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 

inhibitor, and these agents remained in the media for the duration of the experiment. The PHD 

activity assays were performed in duplicate.   
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Immune cell migration experiments  

To study effects of chemokines produced by oesophageal squamous cells on immune cell 

migration, we used a transwell system in which Jurkat cells were loaded into one chamber and 

were observed to migrate into another. NES-B10T cells containing shHIF2α or treated with the 

active small molecule inhibitor of HIF-2α (enantiomer (S,R)-37 Peak 2) or corresponding 

controls were exposed to acidic bile salt medium for 1 hour, and the medium was collected after 

4 hours. These conditioned media were placed in the lower chamber as chemotactic reagents. 

After a 3-hour incubation, the upper chamber was removed and cells in the lower chamber were 

collected and counted. 

 

Data Analyses 

Quantitative data are expressed as the mean ± standard error of the mean (SEM).  For human 

tissue analysis, we performed one-way ANOVAs and Student-Newman-Keuls post-hoc 

comparisons test. Residualized change scores were also created for all variables in the dataset 

to represent change over time (from baseline to Week 1, baseline to Week 2, and Week 1 to 

Week 2). Because of the existence of large non-linear relationships, we computed eta2 (ɳ2) 

values (ɳ2 x 100% values ≥14% indicate a large effect) on quartile data to determine the effect 

of HIF-2α or phospho/total p65 on the changes observed in pro-inflammatory mediator mRNA 

levels and to determine the effect of HIF-2α on the changes observed in phospho/total p65.  

Analysis of the human tissue data was performed with SPSS 22 for Windows by our study 

statistician (D.J. C.). 

For cell line experiments, group comparisons were performed with independent samples 

t-tests and one-way ANOVAs with Student-Newman-Keuls post-hoc comparison tests using the 

Instat for Windows statistical software package (GraphPad Software, San Diego, CA).  The 

study alpha was set to ≤ 0.05. 
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