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HPV detection by PCR 

The tissue biopsies collected in RNA later solution (Invitrogen, Cat# AM7021) 

was cut into two pieces using a sterile scalpel and were subjected to DNA or RNA 

extraction. DNA was extracted using the standard phenol-chloroform isoamyl alcohol 

method. After the quality assessment and quantification by agarose gel 

electrophoresis and Nanodrop spectrophotometer (DeNovix DS-11) respectively, the 

DNA was subjected to PCR with GAPDH primers to confirm the presence of 

amplifiable DNA in the extracted samples. The DNA was stored at -200C freezer until 

further analysis. 

HPV detection was performed as previously described (1, 2).  Briefly, the 

tumor DNAs were amplified with universal MY09/11 primers which are consensus to 

the L1 region of the majority of the HPV subtypes. DNA from HPV+ve HeLa cell line 

served as the positive control. The positive samples were further subjected to type-

specific PCR to detect the high-risk subtypes HPV-16 and HPV-18. DNA from SiHa 

and HeLa cell lines served as a positive control for HPV type -16 and 18 respectively. 

The primers used are described in Supplementary Table S1.     

Quantitative real-time PCR 

Total RNA was extracted from biopsy tumor tissue stored in the RNA later 

solution using TRIzol reagent (Invitrogen, Cat# 15596026). Reverse transcription 

reaction was performed using 1µg of total RNA using high-capacity cDNA reverse 

transcription kit (Applied Biosystems, Cat# 4368814) as per manufacturer’s 

instructions. Gene expression of NRF2 and its downstream target genes (NQO1, 

GCLC, GCLM, HMOX1), and KEAP1 were assessed using Rotor-Gene Q. The 

observed gene levels were normalized using internal control GAPDH and β-ACTIN. 

The comparative threshold cycle (Ct) method was used for the calculation of 

amplification fold change (3). The primers used in the study are described in 

Supplementary Table S1. 

Cell culture and transfection 

A549 (adenocarcinomic human alveolar basal epithelial cells, Cat# CCL-185, 

ATCC) and HT29 (adenocarcinomic human colorectal epithelial cells, Cat# HTB-38, 

ATCC ) were cultured in Dulbecco’s Modified Eagle Medium (HiMedia, Cat# AL111) 

supplemented with 10% fetal bovine serum (Gibco, Life technologies, Cat# 26140-

079), 2mM Glutamax (Gibco, Life technologies, Cat# 35050-061) and 0.5mg/mL 

Penicillin-Streptomycin (Gibco, Life technologies, Cat# 1540-122) at 370C and 5% 

CO2. For ectopic expression of HPV E6/E7 gene, A549 or HT29 cells were 



transfected with p1321 HPV-16 E6/E7 plasmid (a gift from Dr. Peter Howley, 

Addgene, Cat# 8641) using Lipofectamine 3000 (Invitrogen, Cat# L3000001) 

following manufacturer’s instruction. Transfection with plasmid control and mock 

transfection (transfection reagent alone) served as controls. Plasmid control was 

generated by double digestion (with Hind III and Sal I) of p1321 and removing the 

802bp E6/E7 insert. After 48 hours of transfection, the cells were harvested for 

downstream analysis (NRF2 activity, cytotoxicity, and colony-forming assay). The 

transfection was confirmed by amplifying the HPV E6/E7 gene using conventional 

PCR (primers listed in supplementary Table S1). The NRF2 activity was analysed 

by qPCR, immunoblotting, measurement of NQO1 enzyme activity, and total GSH 

levels.  

NQO1 enzyme activity and total GSH 

The cells were lysed in lysis buffer containing 5% NP40, 100mM EDTA and 

protease inhibitor cocktail, and total protein in the cell lysates was estimated using a 

Pierce™ BCA Protein Assay Kit (Thermo Fischer Scientific, Cat# 23227). NQO1 

activity was measured as described previously (4) by using NADPH as the 

immediate electron donor and menadione as the intermediate electron acceptor. 

Total GSH levels were measured by the modified Tietze assay as described by 

Rahman et al. 2006 (5).  

Immunoblotting 

The cells were lysed in RIPA lysis buffer (HiMedia, #TCL131) supplemented with 

protease inhibitor (Roche, complete mini, Cat# 11836153001) and 50µg of proteins 

were resolved on a 4-12% SDS-polyacrylamide gel and transferred to polyvinylidene 

difluoride (PVDF) membrane (Merck Millipore, USA) overnight. The membranes were 

blocked with TBST (10mM Tris-HCl, pH 7.4, 150mM NaCl, and 0.1% tween 20) 

containing 1.5% BSA at room temperature followed by incubation with primary 

antibodies to NRF2 (1:700, Abcam, Cat# ab137550), NQO1 (1:500, Cell Signaling 

Technology, Cat# 62262), HMOX1 (1:1000, Cell Signaling Technology, Cat# 5853) 

or KEAP1 (1:2000, Cloud-clone corp, Cat# PAL648Mu01) overnight at 40C. 

Peroxidase activity from secondary antibodies was assessed using the 

chemiluminesence detection system (Advansta WesternBright ECL kit, Cat# K-

12045-D20). PVDF membrane was stripped and reprobed with GAPDH (1:7000, 

Cloud-clone corp, Cat# PAB932Hu01) and or Enolase (1:1000, Santa Cruz 

Biotechnology, Cat# 100812) antibody as a loading control. The immunoblots were 

visualized using Uvitech alliance Q9 gel documentation unit. Densitometry analysis 

was performed using Image J software.  

Cytotoxicity assay 

Transfected cells were seeded in 96-well plates and were treated with vehicle 

or increasing concentrations of cisplatin (Sigma-Aldrich, Cat# 232120) for a period of 

48h. The cytotoxicity was determined using Sulforhodamine B (Sigma-Aldrich, Cat# 



230162) assay as described previously (6). The half-maximal inhibitor concentration 

(IC50) of cisplatin was determined using the non-linear regression function in 

GraphPad Prism software.  

Colony-forming assay 

Transfected A549 cells growing exponentially were diluted and seeded in six-

well culture plates at a density of 5000 cells per well and then treated with cisplatin 

for another 48h. To assess the clonogenic survival of cells following treatment, the 

plates were replaced with fresh medium every 3 days and maintained for the next 10 

days until colonies were visible. Colonies were fixed and stained as described 

previously (7). Only colonies with 50 or more cells were counted from three different 

fields using ImageJ software. 
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