
Supplemental Methods 

Immunohistochemistry. Serial frozen sections were fixed with 4% 

paraformaldehyde/phosphate buffered saline (PBS) at 4°C for 5 minutes. Slides were 

incubated in a 0.2% triton X-100/PBS solution for 5 minutes at room temperature for 

membrane permeation. Nonspecific binding sites were blocked with 5.5% serum (of 

secondary antibody host species)/tris buffered saline (TBS) and endogenous tissue 

peroxidase was quenched with a 0.6% H2O2/TBS solution. Nuclear proteins were 

identified using Cell Signaling Technology (Danvers, MA) rabbit polyclonal anti-

phospho-RELA(ser536) (catalog 3031), anti-RELB (4954), anti-NF-κB1/p50 (3035), anti-

NF-κB2/p52 (3017), anti-phospho-ERK1/2(thr202/tyr204) (4376) and anti-phospho-

STAT3(tyr705) (9131) antibodies, anti-cREL antibody from Santa Cruz (Santa Cruz, CA, 

sc-70) and anti-Ki67 antibody from Dako (Carpinteria, CA, MIB-1) at dilutions of 1:50 

(p-RELA), 1:75 (Ki67), 1:100 (RELB, cREL, p-ERK1/2, p-STAT3) or 1:200 (NF-

κB1/p50, NF-κB2/p52). Primary antibodies were diluted in a 3% BSA/TBS solution and 

incubated overnight at 4°C. Sections were incubated with biotinylated secondary 

antibody followed by avidin-biotin complex (Vector Labs, Burlingame, CA). Immune 

complexes were revealed via incubation with 3, 3’-diaminobenzidine (DAB) at RT for 1-

5 minutes based upon the targeted antigen. Washing between steps was performed with a 

0.1% Triton X-100/TBS solution. Sections were counterstained with Gill’s Formula 

hematoxylin (Vector Labs), dehydrated through graded alcohols, cleared with xylenes, 

and mounted using Permount (Fisher, Waltham, MA). Negative controls were performed 

in each assay by replacing the primary antibody with an isotype and concentration 

matched non-specific control antibody (mouse IgG, Dako, catalog X0931; rabbit IgG, 



MP Biomedicals, Solon, OH, catalog 64147). Immunostaining with a pan-cytokeratin 

primary antibody (Vector Labs, 5D3 and LP34) was used as a positive control. Pre- and 

post-treatment stains for each patient antigen were performed in the same assay to negate 

inter-assay variability. 

Apoptosis was assessed using the terminal deoxynucleotidyl transferase-mediated 

dUTP digoxigenin nick-end labeling (TUNEL) assay (Chemicon International, Temecula, 

CA) performed following the manufacturer’s protocol with a 4% 

paraformaldehyde/1xPBS fixation. Negative controls were performed in each assay by 

removing terminal deoxynucleotidyl transferase enzyme. 

IHC Scoring. To score tumor sections for each targeted antigen, three different 

representative 400x magnification fields of at least 100 tumor cells were taken. Slides 

were examined on an Olympus BX51 and microscope fields were photographed with an 

Olympus DP70 camera and accompanying image software using standard image settings. 

Photomicrographs were taken in the same geographical region of each section based upon 

tumor landmarks. Unaltered images were archived and representative figures created 

using Adobe Photoshop Elements 3.0. 

Total cells and cells with positive nuclear staining were counted and the percent 

positive cells in each high power field (HPF) were calculated. Fields were assigned a 

subjective staining intensity score of 1 for weak, 2 for moderate or 3 for strong nuclear 

staining. The product of the percent positive cells and staining intensity was calculated to 

create a Histoscore of 0-300 for HPF. Scores are reported as average Histoscore per HPF 

for each pre- and post-treatment section. Proliferation and apoptosis of tumor sections 

were assessed via semi-quantitative analysis of Ki67 and TUNEL stains. Positive 



neoplastic cells, defined as brown nuclei for Ki67 stains or brown cellular staining for 

TUNEL assays, were counted in each of three 400x magnification fields. Scores for each 

tumor are reported as an average of the percent positive cells per HPF to derive the 

proliferation and apoptotic indices, respectively. To determine statistical significance 

(p<0.05), p-values were determined (student’s t-test) by comparing HPF scores between 

pre- and post-treatments sections for each antigen. 

Cell Culture. UMSCC-9 was derived from a recurrent tonsillar HNSCC, 11A 

from a primary T2N2aM0 hypopharyngeal carcinoma and 11B from the same tumor after 

chemotherapy. Cells were maintained in Eagle’s Minimal Essential Media (Invitrogen, 

Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum, penicillin, 

streptomycin and L-glutamine (complete media) under standard growth conditions (37°C, 

5% CO2, humidified atmosphere). 

Cytotoxicity Assay. Briefly, 96-well plates containing four replicate wells per 

assay condition per cell line were seeded at a density of 3x104 cells/mL complete media 

and incubated for 24 hours. After treatment periods of 0 (no treatment), 1, 2, 3 and 5 days 

with 10-9, 10-8 and 10-7 M bortezomib, cells were incubated in an MTT solution for four 

hours followed by an overnight incubation in a 10% SDS/0.1M HCL solubilization 

solution. Calorimetric results were read by a μQuant spectrophotometer (Bio-Tek, 

Winooski, VT). Dose response curves were created by plotting absorbance at 570 nm 

overall all time points of treated cells versus control cells (complete media only). 

Cell Fractionation. UMSCC-9, 11A and 11B cells were grown on sterile 150 

mm polystyrene cell culture dishes to 80-90% confluency in complete media or media 

containing 10-9 or 10-8 M bortezomib for 4, 12 and 24 hours. Where indicated, cells were 



stimulated with 2x103 U/mL TNFα (R&D) for 30 minutes. Nuclear and cytoplasmic 

fractions were harvested from cells using the Active Motif (Carlsbad, CA) nuclear 

extraction kit. Cells were harvested in a cold phosphatase inhibitor/PBS solution, lysed 

with 1X hypotonic buffer/detergent and centrifuged to generate the cytoplasmic fraction 

(supernatant). Nuclear pellets were homogenized, exposed to complete lysis buffer on a 

rocking platform for 30 minutes and centrifuged to yield the nuclear fraction. Total 

protein levels of each fraction were determined using the BCA total protein assay method 

(Pierce, Rockford, IL). 

Western blot analysis. Fifteen micrograms of cytoplasmic or nuclear extracts for 

each sample were resuspended in 4x LDS sample buffer (Invitrogen), heated to 70ºC for 

10 minutes, and analyzed on NuPAGE gels (Invitrogen). Proteins were transferred to 

nitrocellulose membranes, blocked with 5% milk in TBST, and incubated with the 

indicated antibodies overnight at 4ºC on a rocker. Membranes were washed with TBST 

and incubated for 60 min with secondary antibody, washed again, and incubated with 

chemiluminescent HRP substrate reagent (Millipore, Billerica, MA). Membranes were 

exposed to X-ray film for band visualization. Ponceau-S staining was used on the 

membranes to show total protein amounts for the blots with nuclear lysate.  

NF-κB DNA binding assays. To each well containing a NF-κB consensus 

binding site (5’-GGGACTTTCC-3’), 10 ug of nuclear extract, cell binding and cell lysis 

buffer were added in triplicate fashion. Positive control wells contained 5 ug of Raji 

nuclear extract (Active Motif). Negative control wells contained only binding buffer and 

lysis buffer. To assess DNA binding specificity, a wild type consensus oligonucleotide 

was added (20 pmol/well) to compete for the NF-κB binding sequence, with other wells 



containing inactive mutated consensus oligonucleotide. Plates were washed using the 

ELx50 strip washer (Bio-Tek). 

 

Supplemental Fig. 1. IHC analysis of pre-treatment biopsies. Shown are x1000 

magnification photomicrographs of NF-κB subunit staining patterns in 6/6 evaluable pre-

treatment tumor biopsies. Compared to isotype controls, all six tumor biopsies 

demonstrate variable but positive nuclear staining of all five NF-κB subunits. Cytokeratin 

staining serves as a positive control for squamous tissue. p-RELA, phosphorylated RELA 

(ser536); Isotype, rabbit IgG isotype negative control. 

 

 
 



 
Supplemental Fig. 2. IHC analysis of pre- and 24-hour post-treatment biopsies following 

0.6 mg/m2 bortezomib, from patients 2 and 3. (A) Patient 2 demonstrates increased 

TUNEL and decreased staining in p-RELA and Ki67 staining from pre- (top, x1000 

magnification) to post-treatment (bottom, x1000). (B) Similarly, patient 3 demonstrates 

increased TUNEL and decreased nuclear phospho-RELA, p50 and Ki67 while other NF-

κB subunits appear unaffected. In both patients, activated ERK1/2 and STAT3 are 

unaffected by bortezomib therapy. TUNEL, terminal deoxynucleotidyl transferase-

mediated dUTP digoxigenin nick-end labeling; p-RELA, phosphorylated RelA (ser536); p-

ERK1/2, phosphorylated extracellular signal-regulated kinase (thr202/tyr204); p-STAT3, 

phosphorylated signal transducers and activators of transcription 3 (tyr705); Isotype, rabbit 

IgG isotype; pre-tx, pre-treatment; post-tx, post-treatment. 

 

 
 
 
 
 
 
 
 



 
 
 
Supplementary Fig. 3. cJUN staining in Pre and 24-hr post bortezomib in specimens 
from 3 patients with HNSCC. 
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Supplemental Fig. 4. Altered DNA binding activity of NF-κB subunits in HNSCC cells 

24 hours after bortezomib treatment. Following treatment with 10-9 (A) or 10-8M (B) 

bortezomib, HNSCC cells show dose-dependent inhibition of TNFα inducible DNA 

binding of RELA and p50. Compared to untreated cells, TNFα significantly induced 

DNA binding of RELA and p50 only; no induction of c-REL, RELB or p52 DNA 

binding was observed. Additionally, neither dose of bortezomib consistently inhibited the 

constitutive DNA binding activity of any NF-κB subunit, though several significant 

decreases in constitutive DNA binding following bortezomib treatment likely 

representing assay variance were present. (*) denotes significant (p<0.05) inhibition of 

constitutive DNA binding activity by bortezomib; (**) denotes significant induction of 

DNA binding following TNFα treatment; (†) denotes significant inhibition of TNFα 

inducible DNA binding activity.  



 
 
 

 
 
 
 



Supplementary Fig. 5. Partial inhibition of basal p65 and p50 DNA binding activity 36 
hours following treatment with 10-8 M, but not 10-9 M bortezomib. 
 

 
 



 


