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Abstract 

 
Head and Neck Squamous Cell Carcinoma (HNSCC) exhibits significant cancer health 

disparities. African Americans (AAs) with HNSCC demonstrate worse overall survival 

compared to European Americans (EAs). While the reasons behind this disparity are 

multifaceted, recent findings suggest that biological features in HNSCC may contribute to 

differences in disease progression. We have identified the gene UBASH3B, a protein tyrosine 

phosphatase that plays a role in the stabilization of the Epidermal Growth Factor Receptor 

(EGFR). This study seeks to examine the role of UBASH3B in HNSCC and determine its impact 

on tumor progression. We hypothesize that the upregulation of UBASH3B in AAs contributes to 

the survival disparity by promoting tumor growth. An analysis using HPV negative HNSCC The 

Cancer Genome Atlas (TCGA) patients showed overexpression of UBASH3B in tumor samples 

of both AA and EA patients, with high expression in AAs correlating with significantly worse 

survival outcomes. UBASH3B overexpression showed an association with perineural invasion 

and advanced T-stage among AA patients. The copy number value (CNV) of UBASH3B in 

HNSCC cells was assessed with qPCR and showed a positive correlation with UBASH3B 

expression. Additionally, in-vitro experiments demonstrated decreased cell viability and 

migratory capacity upon UBASH3B knockdown. UBASH3B is significantly associated with 

worse overall survival in HPV negative AA-HNSCC patients and has been shown to increase 

cell proliferation and migration. These results indicate that UBASH3B is a critical oncogene in 

HNSCC. and presents a potential therapeutic target for new treatments and a biomarker for 

detection, enhancing our understanding of HNSCC’s racial disparities.

Madeleine Ndahayo
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Chapter I: Introduction 

 
1.1 Head and Neck Squamous Cell Carcinoma  

Head and neck squamous cell carcinoma (HNSCC) is the seventh most common cancer 

worldwide. The incidence of HNSCC has a projected increase of 30% by 20301.  According to 

the 2020 GLOBOCAN estimates, there were an estimated number of 890,000 new diagnoses and 

450,000 deaths per year worldwide2. In the United States, HNSCC accounts for 4% of all 

cancers3, with an estimated 54,000 new cases and 11,230 deaths in 20222. 

HNSCC is a heterogeneous disease originating from the oral cavity, the hypopharynx, the 

nasopharynx, the oropharynx, and the larynx. The primary risk factors linked to HNSCC are 

tobacco and alcohol use as well as infection with human papillomavirus (HPV).  HNSCC 

originating from the oral cavity, hypopharynx, and larynx are primarily associated with smoking 

tobacco4. Those predominantly HPV-negative tumors exhibit elevated high mutational loads and 

chromosomal irregularities, along with varying copy number alteration (CNA) profiles5. Looking 

at the genomic landscape, smoking-related HNSCC frequently demonstrates CDKN2A 

inactivation and loss of function mutations in TP536. 

HPV-positive tumors differ from their HPV-negative counterparts. HNSCC associated 

with HPV infection usually arises from the oropharynx4,7. HNSCC patients with an HPV-

positive status have better treatment outcomes and prognosis than HPV-negative patients.5,8 The 

most common genetic alteration in HPV-positive HNSCC is mutations in PIK3CA. HPV-

positive HNSCC is also marked by a more infiltrative tumor immune microenvironment, 

contributing to more favorable outcomes compared to HPV-negative HNSCC9. 
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Understanding the genomic landscape in HNSCC is critical for the development of 

effective and novel therapies. Current therapies for HNSCC include surgical resection, 

chemotherapy, radiotherapy, molecular targeted therapy, and immunotherapy10. While many 

predictive biomarkers emerged from cancer genomic research, in general, only a few of them 

have been translated into routine clinical oncology practice. Indeed, the detection of HPV DNA 

or the surrogate marker of HPV infection – increased p16 expression are the only FDA-approved 

biomarkers of HNSCC that are predominantly used for oropharyngeal cancers. Additionally, 

survival rates have not considerably improved even with these recent advances in treatment10. 
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1.2 HNSCC in African Americans 

HNSCC is one of the top cancers that show significant disparities in patient survival, with 

survival rates for African Americans (AAs) significantly worse than European American (EA) 

patients11,12. Black patients are more likely to present with laryngeal or hypopharyngeal cancer 

and less likely to present with oral cavity cancer13. In cases where lack patients do present with 

oral cavity cancer or oropharyngeal cancer, overall survival was significantly worse compared to 

their white counterparts14. In regard to HPV status, HPV16-positive oropharyngeal patients were 

more likely to be white and have similar overall survival to Black patients who are also HPV16 

positive. In contrast, among HPV16-negative patients, AAs have significantly worse overall 

survival15. When both genetic ancestry (GA) and self-identified reported race (SIRE) are 

examined, African (AFR) ancestry displays two times the relative risk of death compared to 

European (EUR) ancestry. Thus, based on GA, a 10% increase in AFR ancestry is associated 

with a 9% increase in relative risk of mortality11. Similarly, the disparity is also present between 

Black and white SIRE groups. 

The survival disparity seen in HNSCC is multifactorial. Differences in socioeconomic 

status are one of the main factors contributing to the disparity. Black patients are more likely to 

be younger, uninsured, and in the lower income quartile16. Yet, after controlling for specific 

demographic, clinical, and socioeconomic factors, Black patients still present with more 

advanced stages16,17. Not only social determinants of health but also treatment differ between 

White and Black HNSCC patients. Compared to white patients, Black patients are less likely to 

receive the appropriate therapeutic regime18. In advanced oropharyngeal diseases, locally 

advanced oral cavity cancer, and advanced hypopharyngeal malignancies, Black patients were 

less likely to be treated according to guideline-concordant care (GCC)19. When GCC is adhered 
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to, survival improves, but disparity is still present in oral cavity cancer. This points to biological 

factors that might also contribute to this disparity. 

AA-HNSCC biology has been little explored. Previous analysis has found that AAs have 

increased chromosomal instability compared to their white counterparts20. The increased 

chromosomal instability is also marked with a higher frequency in TP53 mutations and CCNE1 

amplifications20.  African Americans also have different frequencies of somatic mutations in the 

50 genes that are commonly mutated in HNSCC21. Other key HNSCC drivers that exhibit a high 

frequency of mutations in AA-HNSCC are FAT1, CASP8, and HRAS22. As a result of 

differential gene expression, AA and EA patients have distinct signaling pathway enrichments22. 

In the context of survival, research indicates that immune responses vary across different racial 

groups. Among AA patients, those with low immune infiltration tend to exhibit improved 

survival rates, compared to AA with high immune infiltration, with the contrary being true 

among EA patients22,23. Notably, in an exploration of ancestry-informative single nucleotide 

polymorphisms (SNPs), DNA Polymerase Beta (POLB), a DNA repair gene, was shown to 

influence patient survival24. Increased levels of POLB have been associated with tumorigenesis 

and have been observed in many cancer types25–27. Individuals with the genotype common for 

African ancestry had increased gene expression and worse overall survival relative to the 

genotype common for European ancestry. These findings highlight significant differences 

between AAs and their white counterparts and underscore the complex interplay of genetics and 

survival outcomes in AA HNSCC patients. Further research is essential to gain more insights 

into how biology affects the survival outcomes of Black HNSCC patients.  
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1.3 Ubiquitin Associated SH3-containing B 

Ubiquitin Associated SH-3 containing B (UBASH3B), also known as STS-1 and TULA-

2, is a highly active tyrosine phosphatase with four major functional domains, the ubiquitin-

associated domain (UBA), Src-homology domain 3 (SH3), histidine phosphatase domain, and 

the dimerization sequence28. The histidine domain is the key functional region of UBASH3B, 

which enables it to dephosphorylate proteins containing phosphorylated tyrosine 29,30. One 

notable target of UBASH3B is casitas B-lineage lymphoma (CBL). CBL, a ubiquitin ligase, 

plays a negative role in regulating signal transduction via tyrosine kinase-dependent pathways31. 

UBASH3B dephosphorylates CBL, which leads to the endocytosis and degradation of epidermal 

growth factor receptor (EGFR)32–34. 

In Triple Negative Breast Cancer (TNBC), a highly aggressive breast cancer subtype that 

also exhibits pronounced racial disparities35–37, it has been found that the overexpression of 

UBASH3B is associated with poor prognosis38. Lee et al. observed reduced metastasis and 

invasion upon UBASH3B knockdown, displaying the oncogenic potential of UBASH3B. 

Similarly, in acute myeloid leukemia (AML), researchers found UBASH3B to be upregulated, 

and its knockdown reduced cell proliferation39.  Both studies attributed UBASH3B’s interaction 

with CBL and its regulation of EGFR activity as contributing to the progression of both diseases. 

In HNSCC, the role of UBASH3B has been little explored, but it was identified as a gene that 

has high expression in tumor tissue and shows higher expression in patients at high risk for 

HNSCC compared to patients considered low risk40. These findings highlight the potential of 

UBASH3B as a therapeutic target and a biomarker for high-risk patients, especially the AA 

HNSCC population. 
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The association of UBASH3B with EGFR has multiple implications on signaling 

pathways that lead to cancer progression. EGFR, a prominent oncogene in HNSCC, is a 

transmembrane protein that heterodimerizes upon ligand binding, activating a number of 

signaling pathways, including the Ras/MAPK pathway, PI3K/Akt pathway, and the Jak/STAT 

pathway41,42. The initiation of these pathways leads to increased cell proliferation, angiogenesis, 

invasion, and metastasis and a reduction in apoptosis41. Beyond activating oncogenic signaling 

pathways, EGFR activation also enhances cellular movement and invasiveness by triggering 

epithelial-mesenchymal transition43–45. Seen in about 90% of HNSCC cases, EGFR 

overexpression is a negative prognosis factor and is positively correlated with reduced overall 

survival (OS), disease-free survival (DFS), and earlier relapse46. The role of UBASH3B in 

HNSCC and its effect on cellular pathophysiology has not yet been studied. Therefore, further 

studies are needed to understand its function. 
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1.4 Hypothesis and Aims of the Study 

Given the known racial disparities in UBASH3B expression and its plausible 

implications in HNSCC, we hypothesize that increased UBASH3B expression plays a significant 

role in the pathogenesis of HPV-negative HNSCC in patients of African American ancestry. We 

postulate that UBASH3B expression is associated with different clinicopathological features 

(advanced stages and presence of invasion) and clinical outcomes between racial groups. In 

addition, we propose that increased UBASH3B expression modulates several cellular processes, 

such as cell proliferation, migration, and EGFR signaling, which underpin HPV-negative 

HNSCC genesis. 

Pursuant to our goal, the aims of my study are:  

Aim 1: Investigate the relationship between biological and clinical factors and the expression of 

UBASH3B 

In this aim, I will determine the expression levels of UBASH3B in HPV-negative 

HNSCC tissues compared to normal tissues using the patient cohort from the TCGA database. 

We will further explore the correlation between UBASH3B expression level and 

clinicopathological parameters such as tumor stage, lymph node involvement, and patient 

outcomes. We will then validate our findings by assessing UBASH3B expression levels and 

copy number in HPV-negative HNSCC cell lines.   

 

Aim 2: Identify the effect of UBASH3B on Cell Viability, Migration, and the EGFR pathway 

In this aim, we will investigate the functional role of UBASH3B in in vitro using cell 

lines representative of different racial backgrounds (AA and EA) and manipulate UBASH3B 

expression levels by silencing UBASH3B via siRNA-mediated knockdown to assess its impact 
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on HNSCC cell proliferation and migration. In addition, we will investigate key signaling 

molecules involved in the EGFR pathway and EMT markers and determine their correlation with 

UBASH3B expression.  

 

By addressing these aims, this study aims to enhance our understanding of the underlying 

biological mechanisms of UBASH3B in HNSCC pathogenesis and progression, potentially 

uncovering novel therapeutic targets and biomarkers to aid in paving the way for improving the 

prognosis of HNSCC in different racial groups. 
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Chapter II: Materials and Methods  

 
2.1. Patients and Samples 

The clinical characteristics and survival data of The Cancer Genome Atlas (TCGA) HPV-

negative HNSCC patients were obtained from the cBioPortal Database47–49, the OncoDB 

database50, and the Integrated TCGA Pan-Cancer Clinical Data Resource51. Exclusion criteria 

included HPV+ patients, patients with Hispanic ethnicity, and Asian patients, resulting in a total 

of 427 patients, of which 45 were of African American ancestry and 382 of European American 

ancestry.  

Patient demographics, including race, sex, age, and smoking history, in addition to 

clinicopathological characteristics (TNM stage, tumor size, angiolymphatic invasion, perineural 

invasion, and extrascapular spread), were analyzed. Patient clinical outcomes (overall survival 

and progression-free interval) were also analyzed. In addition to clinicopathological features, in 

this study, we also examined the methylation, mutation count, copy number value, and copy 

number alterations. An overview of the methods is depicted in Figure 1. 
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Figure 1. Schematic overview of the methods 

 

Created with BioRender.com 
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2.2. Cell Culture   

European HPV-HNSCC cell lines, SCC15 and SCC9, were purchased from the ATCC. 

JHU029, an African American HPV-HNSCC cell line, and the normal oral keratinocyte cell line, 

OKF6-TERT, were obtained from Dr. David Sidransky (JHU). All cells were cultured and 

maintained at 37°C with 5% CO2.   Information regarding the growth media used to culture the 

above-mentioned cells is tabulated in Table 1 below. 

Cell lines were used to obtain RNA as well as DNA for quantitative reverse-transcription 

polymerase chain reaction (qRT-PCR) and quantitative PCR (qPCR) copy number variation 

analysis, respectively. The cultured cells were also used to perform functional validation assays 

(cell proliferation and wound healing assays). 

 

Table 1. Growth media used to culture cell lines 

Cell Lines Growth Media Supplement 

OKF6-TERT1 Keratinocyte-SFM (Gibco) 
1% penicillin-streptomycin (Corning), 

0.400mM CaCl2, and 15uL of EGF 

SCC15 DMEM/F12 (Invitrogen, USA) 
10% Fetal Bovine Serum (Gemini) and 

1% penicillin-streptomycin (Corning) 

SCC9 DMEM/F12 (Invitrogen, USA) 
10% Fetal Bovine Serum (Gemini) and 

1% penicillin-streptomycin (Corning) 

JHU-029 RPMI-1640 (Sigma-Alrich) 
10% Fetal Bovine Serum (Gemini) and 

1% penicillin-streptomycin (Corning) 
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2.3. UBASH3B siRNA Transfection   

For UBASH3B knockdown, Dharmacon ON-TARGETplus SMARTpool (L-008533-00-

0005) was used. This pool consists of a mixture of four UBASH3B siRNAs. As a control, the 

scrambled ON-TARGETplus non-targeting pool (D-001810-10-05) was utilized.  

Briefly, cells were plated in a 6-well plate and cultured in their respective media 

supplemented with FBS 1% penicillin and streptomycin. The cells were placed in the incubator 

at 37° C with 5% CO2 overnight to attach. All experiments were performed when cells were 70-

80% confluent. Once the cells had reached the desired confluence, media was aspirated, washed 

with 1X PBS, and cells were transfected with a siRNA concentration of 90 pmol/rxn and mixed 

with Lipofectamine RNAiMAX (Invitrogen) with the appropriate volume of OPTI-MEM media 

(Gibco) for siRNA delivery, according to the manufacturer’s protocol. The cells were returned to 

the incubator at 37° C with 5% CO2, and after 16 hours of incubation, the transfection media 

(OPTI-MEM) was replaced by the respective culture media of the cultured cells. 

The transfection efficiency was quantified by qRT-PCR, which was completed on the 

RNA extracted from the transfected cells upon the experiment's completion.  

 

2.4. In-vitro Cell Viability Assay   

Cells were seeded in 6-well plates at 9.0 x 104 cells for SCC15, 3.8 x 104 cells for SCC9, 

and 6.0 x 104 cells for JHU029 and cultured in their respective media supplemented with FBS 

and 1% penicillin and streptomycin. The cells were placed in the incubator at 37° C with 5% CO2 

overnight to attach.  All experiments were performed when cells were 30-50% confluent. To 

evaluate the HPV-negative HNSCC cells proliferation rate in the absence of UBASH3B, cells 

were transfected with UBASH3B siRNA and non-targeting pool siRNA (as described above).  
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Cell proliferation was monitored using the Alamar Blue cell proliferation assay (Bio-

Rad), according to the manufacturer's specifications. Alamar Blue solution was prepared with 

10% Alamar Blue solution and 90% total cell media. The oxidized form of the dye, which is 

non-toxic to cells, is converted to the reduced form by the mitochondrial enzyme activity of the 

viable cells. The shift in fluorescence was measured at 560 nm (excitation) and 590 nm 

(emission) 2 hours after the addition of the dye. Cell viability was assessed before transfection 

(0h) and post-transfection at 24hrs, 48hrs, and 72hrs. All experiments were performed in 

triplicates. 

Absorbance values against time were plotted to generate an absorbance curve to analyze 

cell proliferation in response to UBASH3B knockdown in HPV-negative HNSCC cells. 

 

2.5. In-vitro Wound Healing (Cell Migration) Assay   

Cells were seeded in 6-well plates at 2.0 x 105 cells for SCC15, 4.0 x 104 cells for SCC9, 

and 6.1 x 104 cells for JHU029. All experiments were performed when cells were 70-80% 

confluent. After the cells reached the desired confluence, one vertical scratch was made with a 

p200 pipette tip in each well. Using the EVOS M7000 microscope, images of the wound were 

taken (0h). The cells were then transfected with UBASH3B siRNA and non-targeting pool 

siRNA (as described above). Images were captured at 18hrs, 24hrs, 36hrs, and 48hrs, post-

transfection or until the gap in one of the experiments was closed entirely.  

The areas of the wound were quantified in triplicate using the macros for the Updated 

Wound Healing Size Tool in Image J. Quantification typically included image preprocessing to 

enhance contrast and remove background noise, followed by the selection of the wound region 

using a predefined threshold or edge detection algorithm. In cases where the program did not 
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select the entire area, the wound area was drawn manually. Once the wound area was marked, 

the software measured the area of the wound at each time point by measuring the pixel intensity 

within the selected region, and output data files consisting of the quantified wound area 

measurements were generated. Once the wound area was quantified for each time point, the data 

was plotted graphically to visualize the kinetics of cell migration and assess the effectiveness of 

UBASH3B knockdown on wound closure. 

 

2.6. RNA Extraction 

Once the appropriate numbers of cultured cells (OKF6-TERT1, SCC9, SCC15, and JHU-

029) were obtained, total RNA was isolated using the mirVana miRNA Isolation kit (Invitrogen) 

following the manufacturer’s instructions.  

RNA concentrations were measured using the DeNovix DS-11 Spectrophotometer at 

260/280 nm to ensure a ratio of > 1.7, indicating that the purified RNA is of good quality. The 

purified RNA samples were stored at -80°C until use.   

 

2.7. Quantitative Reverse-Transcription Polymerase Chain Reaction (qRT-PCR) 

Reverse Transcription of RNA 

A high-capacity cDNA reverse transcription kit was used for cDNA synthesis (Applied 

BioSystems, Austin, TX). The components of the kit, 10X RT Buffer, 25x dNTP Mix, 10X 

Random Primers, and  MultiScribe Reverse Transcriptase, were allowed to thaw on ice. A 2X 

RT master mix was also prepared on ice. Depending on the RNA concentration, 0.5ug-2ug of 

RNA was combined with 5.8uL of master mix for a total volume of 20uL. Reverse transcription 

was carried out with the S1000 ThermalCycler using the following program: 25°C for 10 
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minutes, 37°C for 120 minutes, and 85°C for 5 minutes. Finally, the cDNA synthesis reaction 

mixtures were held at 4°C until ready to use or store. Synthesized cDNA was stored at -20°C 

until ready to use. 

qRT-PCR 

The TaqMan quantitative Real-time PCR (qRT-PCR) analysis was performed using the 

TaqMan® Advanced Master Mix (Cat# 4369016, Thermo-Fisher Scientific, USA), TaqMan 

Gene Expression Assay for UBASH3B (Cat# 4351372, Thermo-Fisher Scientific, USA) and 

GAPDH (Cat# 4332649, Thermo-Fisher Scientific, USA). Water was used as a negative control 

to detect the presence of any contaminating RNA or DNA. For a total master mix volume of 5uL 

per reaction, 3.5uL of 2X TaqMan® Advanced Master Mix was combined with either 0.35uL of 

20X TaqMan UBASH3B Oligos or GAPDH oligos and 1.15uL of nuclease-free water.  Two uL 

of cDNA (7.5ng) were added to each well of the MicroAmp® Optical 384-well reaction plate 

(Applied Biosystems, Austin, TX). qRT-PCR was then carried out in the C1000 Touch™ 

Thermal Cycler (Bio-Rad) using the following program: 95°C for 3 minutes, followed by 49 

PCR cycles of denaturation at 95°C for 15 seconds and annealing/elongation at 60°C for 1 

minute. The relative quantification in gene expression was determined using the 2-DDCt 

method.   

 

2.8. DNA Extraction 

  DNA was isolated from cultured cells (OKF6-TERT1, SCC9, SCC15, and JHU-029) 

using the Dneasy Blood and Tissue Kit (Qiagen) to be used for copy number quantification 

following the manufacturer’s instructions. DNA concentrations were measured using the 

DeNovix DS-11 Spectrophotometer. The samples were stored at -80°C for further analysis.  



 
 
 

16 

 

2.9. Touchdown PCR  

To develop qRT-PCR assays, primers and probes were designed using the IDT 

PrimerQuest Tool (https://www.idtdna.com/pages/tools/primerquest)  and were ordered from 

IDT. The specificity of both the primers and probes was first tested using the touchdown PCR 

technique.  

Briefly, genomic DNA was diluted to 7.5ng and combined with a master mix consisting 

of 1X PCR Buffer, DMSO, 0.8mM of dNTPs, Platinum Taq, and 0.3uM of the forward and 

reverse primer pair. Using the S1000 ThermalCycler, the amplification protocol started with an 

initial denaturation step at 94°C for one minute, followed by a series of annealing temperatures 

of six touchdown cycles consisting of denaturation at 94°C for 30 seconds, annealing starting at 

68°C for 1 minute with a decrement of 2°C per cycle, and extension at 72°C for 1 minute. This 

was succeeded by an additional 35 cycles with a fixed annealing temperature of 58°C. Amplified 

products were verified by agarose gel electrophoresis to assess if the only desired sequences 

were amplified. The desired probes were ordered with FAM, and ZEN/Iowa Blackä FQ labels 

suitable for qRT-PCR from IDT. The sequences for the final highly specific primers and probes 

developed for qRT-PCR are shown in Table 2.    
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Table 2. Primer and Probe Sequences 

Gene  Forward (5’ à 3’)  Reverse (5’à3’)  Probe (5’à3’)  

UBASH3B  TCACTTGAAGATCCGTGT

AG  

GAGGTATCCATGCAGGT

AAT  

CCCGGCTTATTTGAGTGGACAA

A  

JAM3  GAGAGACTCAGCCCTTTA

TC  

GCACAGTTAACTCGATC

AC  

AATTTCCTTGCGGTCATTTCGA

GC  

PGR  CACCACGGTGATGGATTT

  

CCGTCGTAACTTTCGTCT

TC  

CTATCCTGCCTCTCAATCACGC

CTT  

B-Actin   TCACCCACACTGTGCCCA

TCTACGA 

 CAGCGGAACCGCTCATT

GCCAATG 

 ATGCCCTCCCCCATGCCATCCT

GCCT 

  

2.10. Copy Number Quantification using Quantitative Real-Time PCR   

Genomic DNA was diluted to 25 ng/ul and combined with a master mix consisting of 1X 

PCR Buffer, 0.8mM dNTPs, 0.6uM of the forward and reverse primer, and 0.2uM probe. qPCR 

was run on the C1000 Touch Thermal Cycler, and the relative copy number value was 

determined using the 2-DDCt method.  

 

2.11. Statistical analysis   

Graphs were plotted, and statistics were performed using the GraphPad Prism software (version 

10.00). Where appropriate, Student’s t-test, ANOVA, Pearson’s correlation, and the Log-rank 

(Mantel-Cox) test were performed to estimate statistical significance. P-values less than 0.05 

were considered significant.  

 

 

 

 



 
 
 

18 

Chapter III: Results 

 
3.1 Aim 1: Analysis of Clinical Factors and UBASH3B Expression 

3.1.1 Analysis of UBASH3B expression and clinicopathological factors in HPV-negative 

HNSCC TCGA patients 

Using the cBioPortal Database and the OncoDB Database, UBASH3B expression data 

was acquired. We analyzed the expression of UBASH3B and correlated the association of 

UBASH3B expression with different clinicopathological features in 427 HPV-negative HNSCC 

TCGA patients. Clinical characteristics for patient cohort are shown in Table 3. 

Our data reveals a significantly higher expression of UBASH3B in HPV-negative 

HNSCC tissue as compared to normal tissue (Figure 2A). In addition, UBASH3B expression 

was significantly higher in the tumor tissue of both AA and EA patients compared to normal 

tissue (Figure 1B). Nonetheless, no significant difference was observed in UBASH3B expression 

between AA and EA patients (Figure 2B).  

We further evaluated the correlation between UBASH3B expression and TNM staging 

for the entire HPV-negative HNSCC cohort, as well as subgroups separated by race. Analysis 

revealed no statistically significant differences in the T-stage for the entire cohort, specifically 

among EA patients. However, a significant difference in UBASH3B expression was present 

between T1 and T3 stages among patients of AA (Figure 2C). Similarly, there were no notable 

differences in the entire cohort for the N-stage. Among AA patients, no significant differences in 

UBASH3B expression were found across different stages. On the other hand, in EA patients, the 

N3 stage exhibited significantly lower UBASH3B expression compared to the N0, N1, and N2 

stages (Figure 2D). 
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Further analysis investigating the association of UBASH3B expression and perineural 

invasion revealed that UBASH3B expression was significantly increased in patients with 

invasion. AA patients with invasion displayed significantly lower UBASH3B expression 

compared to AA patients without invasion, as well as EA patients with invasion. On the contrary, 

UBASH3B expression was higher in EA patients with invasion in comparison to EA patients 

without invasion (Figure 2E). 

Collectively, our data highlights that elevated expression of UBASH3B is associated with 

T-stage and perineural invasion, vital factors underpinning cancer progression. Following our 

investigation into UBASH3B expression patterns and their association with clinicopathological 

characteristics, we next analyzed their association with survival outcomes. 
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Table 3: Clinical Characteristics of HPV- HNSCC Patients 
 

Clinical Characteristic European American 
(n= 382) 

African American (n= 45) p-value 

Age (mean) 61.90 58.57 0.0335 
Sex (n) 
    Males 
    Females 

 
270 
112 

- 
39 
6 

0.0222 

Clinical Group Stage (n) 
    I 
    II 
    III 
    IV 
    NA 

 
17 
76 
83 
195 
5 

 
1 
4 
6 
34 
0 

0.0365 

Smoking History (n) 
   1: Non-smoker 
   2: Current smoker 
   3: Reformed smoker (>15yrs) 
   4: Reformed smoker (£15yrs) 
   NA 

 
85 
127 
59 
101 
10 

 
3 
23 
6 
10 
3 

0.0260 
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Figure 2. Clinicopathological Features and UBASH3B expression of HPV-negative HNSCC TCGA Patients 
A. Used the Student’s T-Test to compare expression in tumor tissue (n=435) compared to normal tissue (n=41), we 
found UBASH3B expression is significantly higher in tumor tissue (p<0.0001). B. Used the Student’s T-test to 
compare UBASH3B expression in AA tumor tissue (n=45) and EA tumor tissue (n=382). No significant difference 
in expression between the two racial groupsUBASH3B expression (p=0.0913). C. Trends in UBASH3B expression 
and T-stage in HPV-negative HNSCC patients examined with an ANOVA. In AA patients, UBASH3B expression is 
significantly increased in the T3 stage compared to the T1 stage (p= 0.0238) D. Trends in UBASH3B expression 
and N-stage in HPV-negative HNSCC patients were examined with an ANOVA. In EA patients, N3 has 
significantly lower expression compared to N0 (p =0.0272), N1 (p= 0.0419), and N2 (p=0.0374) E. Using the Mann-
Whitney Test, we found UBASH3B expression is significantly increased when perineural invasion occurs (p= 
0.0359). Using an ANOVA to compare expression within different racial groups, we found that expression was 
significantly lower in AA patients with invasion than in EA patients with invasion (p= 0.0444). In EA patients, 
UBASH3B expression is significantly higher in patients with invasion (p= 0.0320).  
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Figure 2. Clinicopathological features and UBASH3B expression of HPV-negative HNSCC 

TCGA Patients 
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3.1.2 High UBASH3B expression is correlated with poor survival in AA-HNSCC patients 

To evaluate the clinical significance of UBASH3B expression in HPV-negative HNSCC, 

we performed a survival analysis. Survival data was acquired using the cBioPortal Database and 

the Integrated TCGA Pan-Cancer Clinical Data Resource51. Kaplan Meier curves for overall 

survival (OS) and progression-free interval (PFI) were generated based on the mean UBASH3B 

expression levels across the entire TCGA HPV-negative HNSCC cohort, with high and low 

expression groups stratified based on values above and below the cohort’s mean, respectively.  

Survival analysis revealed a significantly worse OS in AA HPV-negative HNSCC 

patients displaying high UBASH3B overexpression (Figure 3A). In addition, we analyzed the OS 

in patients based on racial disparity (AA and EA patients) with high and low UBASH3B 

expression. OS curves indicate the significance of race and UBASH3B expression in 

determining survival outcomes. Specifically, AA patients with high UBASH3B expression 

demonstrated significantly worse OS compared to AA patients with low UBASH3B expression 

and EA patients with high UBASH3B expression (Supplementary Figures 1A and B). In 

contrast, no significant differences in OS were observed between the two expression groups 

within the EA cohort, and the OS of AA patients with low UBASH3B expression did not 

significantly differ from that of EA patients with low UBASH3B expression (Supplementary 

Figures 1C and D).  

In contrast, the analysis revealed no statistically significant differences in PFI in HPV-

negative HNSCC patients based on UBASH3B expression (Figure 3B).  However, when 

stratified by race, poor PFI for AAs with high UBASH3B expression falls just below the 

threshold of significance compared to AAs with low UBASH3B expression and EAs with high 

UBASH3B expression (Supplemental Figure 2A-B). Additionally, there is no significant 
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difference between AA and EA low UBASH3B expression groups and EAs with both high and 

low expression (Supplemental Figure 2C-D). 

To further validate that clinical factors are not the cause of survival differences between 

the high and low UBASH3B expression groups in AAs, we assessed differences in age, sex, 

stage, and smoking status (Table 4). No significant difference in age, sex, stage, and smoking 

status was found, further pointing to biological factors, like UBASH3B gene expression, impact 

patient survival. 

Table 4: Clinical Characteristics of High and Low UBASH3B expression AA groups 
 

Clinical Characteristic AA Low UBASH3B 
Expression (n= 28) 

AA High UBASH3B 
Expression (n= 17) 

p-value 

Age (mean) 59.64 58.82 0.2141 
Sex (n) 
    Males 
    Females 

 
25 
3 

 
13 
4 

0.3986 

Clinical Group Stage (n) 
    I 
    II 
    III 
    IV 

 
1 
3 
3 
21 

 
0 
1 
3 
13 

0.7923 

Smoking History (n) 
   1: Non-smoker 
   2: Current smoker 
   3: Reformed smoker (>15yrs) 
   4: Reformed smoker (£15yrs) 

 
1 
15 
4 
6 

 
2 
8 
2 
4 

0.8107 

 

Together, these data indicate that while AA HPV-negative HNSCC patients with high 

UBASH3B expression have significantly worse OS, there is no statistically significant difference 

in PFI. These data emphasize that UBASH3B overexpression is clinically relevant only in the 

African American population, highlighting the impact of race and UBASH3B expression on 

clinical outcomes. 
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Figure 3. Survival Curves for HPV-negative HNSCC TCGA Patients 

  

 
 
 
Figure 3. Survival curves for HPV-negative HNSCC TCGA patients (n=427) A. Kaplan Meier curves for 
overall survival between AA and EA patients with both high and low expression of UBASH3B are significantly 
different (p=0.0009), with AAs with high expression showing the worst OS.  B. Kaplan Meier curves for 
Progression Free-Interval between AA and EA patients with both high and low expression UBASH3B expression 
shows no significant difference (p=0.1696).  
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3.1.3 UBASH3B expression is correlated with copy number value in HPV-negative HNSCC 

cell lines and patient cohort 

Next, we analyzed the copy number value and UBASH3B expression to explore plausible 

associations between genomic alterations and UBASH3B gene expression levels, thus providing 

us insights into the mechanism underlying UBASH3B expression and in promoting HNSCC 

genesis.  

We performed CNV analysis in the HPV-negative HNSCC cohort from TCGA and 

observed a positive correlation between UBASH3B expression and copy number value (Figure 

4A). In addition, patients with deleterious copy number alterations had significantly lower 

UBASH3B expression compared to diploid patients and patients with gain (Figure 4B). 

UBASH3B mRNA levels were assessed in three HPV-negative HNSCC cell lines 

(SCC15, SCC9, and JHU-029) and normal oral keratinocytes (OKF6-TERT1). Consistent with 

the TCGA findings, qRT-PCR revealed that while in normal oral keratinocyte cells, UBASH3B 

expression was low, UBASH3B was highly expressed in the two HPV- HNSCC cell lines from 

European patients (SCC15 and SCC9), and JHU029, an African American HPV- HNSCC cell 

line (Figure 4C).  

QPCR was performed to assess the role of copy number value on UBASH3B expression. 

The number of UBASH3B copies was assessed along with one downstream gene, JAM3, and 

one upstream gene to account for any copy number changes in the given locus. QPCR analysis 

revealed that as compared to the normal oral keratinocyte cells, OKF6-TERT1, CNVs in 

UBASH3B were significantly higher in SCC9, and JHU029 was lower in SCC15 cells (Figure 

4D). Likewise, a similar expression was observed for JAM3 CNVs (Figure 4D). On the contrary, 
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CNVs of PGR (the downstream gene) were significantly lower in SCC9 and JHU029 and higher 

in SCC15 compared to OKF6-TERT1 (Figure 4D). 

We also analyzed the correlation between the relative CNVs of UBASH3B, PGR, and 

JAM3 with UBASH3B expression in HPV-negative HNSCC cell lines. Our data reports no 

significant correlation between CNVs of UBASH3B, PGR, and JAM3 and UBASH3B 

expression (Figures 4 E-G). Together, these data show that although HNSCC cell lines exhibit 

high UBASH3B expression with relatively higher CNVs, a significant association between CNV 

and expression is not evident among these HPV-negative HNSCC cell lines. 
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Figure 4. UBASH3B expression and copy number values in HPV-negative HNSCC TCGA patients and 
normal oral keratinocyte and HNSCC cell lines A. Positive correlation of copy number value and UBASH3B 
expression (Pearson’s r = 0.3585, p<0.0001) B. Trends in copy number alterations and UBASH3B expression 
examined with an ANOVA.  Patients with shallow deletions have significantly lower expression compared to 
diploid patients (p<0.0001) and patients with gains (p<0.0001).  Patients with deep deletions have significantly 
lower UBASH3B expression compared to those with gains (p= 0.0407). C. UBASH3B mRNA levels measured with 
qRT-PCR in the normal oral keratinocyte cell line, OKF6-TERT1, the European American HNSCC cell lines, 
SCC15 and SCC9, and the African American HNSCC cell line JHU029. Expression in HNSCC cell lines, SCC15 
(p=0.0440), SCC9 (p<0.0001), and JHU029 (p<0.0001), is significantly higher compared to the normal cell line, 
OKF6-TERT1 D. Copy number values of UBASH3B, PGR, and JAM3 in HNSCC cell lines, SCC15, SCC9, and 
JHU029, relative to the normal oral keratinocyte cell line, OKF6-TERT1. In PGR, the copy number is significantly 
lower in JHU029 (p=0.0089) compared to OKF6-TERT1. In UBASH3B, the copy number is significantly higher in 
SCC9 (p=0.0004) and JHU029 (p=0.0002) compared to OKF6-TERT1. The copy number of JAM3 is significantly 
higher in SCC9 (p<0.0001) compared to OKF6-TERT1. E. Correlation of UBASH3B expression and copy number 
value of JAM3. JAM3, a downstream gene of UBASH3B, shows no correlation between copy number value and 
UBASH3B expression (p=0.4167). F. Correlation of UBASH3B expression and copy number value of UBASH3B 
shows no significant correlation (p=0.2094). G. Correlation of UBASH3B expression and copy number value of 
PGR. PGR, a gene upstream of UBASH3B, shows no correlation between UBASH3B expression and copy number 
value (p=0.1065). 
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Figure 4. UBASH3B expression and copy number values in HPV- HNSCC TCGA Patients 

and normal oral keratinocyte and HNSCC cell lines  
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3.2 Aim 2: Investigation of Cell Viability, Migration, and EGFR Signaling Pathway 

3.2.1 UBASH3B knockdown decreased cell viability 

To further investigate the role of UBASH3B in HNSCC cells in cell proliferation, we 

knocked down UBASH3B via siRNA in three HNSCC cell lines, SCC15, SCC9, and JHU029 

and monitored cell viability for 72 hours. In SCC15 cells, compared to the control siRNA, cells 

treated with the UBASH3B siRNA showed significantly decreased cell viability at 48 and 72 

hours (Figure 5A).  In SCC9 cells, the growth of UBASH3B siRNA-treated cells was 

significantly decreased at 24, 48, and 72 hours (Figure 5B). In JHU029 cells, a significant 

decrease in cell viability was present at 48 and 72 hours when treated with UBASH3B siRNA 

(Figure 5C). Effective knockdown was confirmed by qRT-PCR in SCC15, SCC9, and JHU029 

cells. The knockdown efficiency for SCC15, SCC9, and JHU029 was 82%, 71%, and 89%, 

respectively (Figures 5D-F). These data indicate that UBASH3B enhances HNSCC cell growth 

in vitro. 
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Figure 5. The knockdown of UBASH3B decreases cell viability in HNSCC cells 

 

Figure 5. The knockdown of UBASH3B decreases cell viability A-C. Cell viability was measured with the 
Alamar Blue Assay and recorded for control siRNA, as well as UBASH3B siRNA in SCC15, SCC9, and JHU029 
cell lines. Values were normalized to the initial % reduction recorded at 0hrs. In SCC15 cells, cell viability was 
significantly decreased at 48 and 72 hrs (p<0.0001). In SCC9 cells, cell viability was significantly decreased with 
UBASH3B knockdown at 24, 48, and 72hrs (p<0.0001). In JHU029 cells, a significant decrease in cell growth was 
observed in cells treated with the UBASH3B siRNA at 24 (p=0.0007), 48 (p<0.0001), and 72 hrs (p<0.0001). D-F. 
UBASH3B relative mRNA levels with qRT-PCR for cells treated with control siRNA and UBASH3B siRNA. There 
is significantly decreased UBASH3B expression in UBASH3B siRNA treated SCC15 (p<0.0001), SCC9 
(p<0.0001), and JHU029 (p<0.0001) cells  
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3.2.3 UBASH3B knockdown decreased cell migration 

Continuing to investigate the role of UBASH3B on cell pathophysiology, we knocked 

down UBASH3B via siRNA in three HNSCC cell lines, SCC15, SCC9, and JHU029, and 

monitored cell migration. In SCC15 cells, cells treated with the UBASH3B siRNA exhibited 

significantly reduced migration at 96 hours compared to the control siRNA (Figure 6A and D). 

In SCC9 cells, the migration of UBASH3B siRNA-treated cells was significantly lower at 18, 

24, and 36 hours compared to control cells (Figure 6B and E). Lastly, in JHU029 cells, migration 

was significantly decreased at 24, 48, 72, and 96 hours in knockdown cells compared to control 

cells (Figure 6C and F). Effective knockdown was confirmed by qRT-PCR in SCC15, SCC9, 

and JHU029 cells with knockdown efficiencies of 82%, 71% and 82% respectively (Figures 6 G-

I). Together, these results reveal that UBASH3B increases the migratory capacity of HNSCC 

cells. 
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Figure 6. The knockdown of UBASH3B reduces migration capacity in HNSCC cells 

 

 

 

  
 

 

Figure 6. The knockdown of UBASH3B reduces migration capacity. A-C. Representative images of the 
migration of SCC15, SCC9, and JHU029 cells with no treatment, control siRNA, and UBASH3B siRNA after 
scratch. D-F. Quantification of triplicates of the fraction of the wounded area normalized to the initial wound area at 
0 hrs.  Migration significantly decreased in cells treated with UBASH3B siRNA at 96 hrs (p<0.0001) for SCC15 
cells;18 hrs, 24 hrs and 36 hrs (p<0.0001) for SCC9 cells; and 24 hrs (p=0.378), 48hrs (p=0.0439), 72 hrs and 96 hrs 
(p<0.0001) for JHU029 cells. G-I. Relative UBASH3B mRNA levels from qRT-PCR, showing a significant 
difference in UBASH3B expression in SCC15 (p=0.002), SCC9 (p<0.0001), and JHU029 (p=0.0005). 
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3.2.4 EGFR signaling and epithelial mesenchymal transition (EMT) markers correlate with 

UBASH3B mRNA expression 

To assess the effect of UBASH3B on EGFR signaling and EMT, we correlated 

UBASH3B mRNA levels with protein expression of proteins involved in EGFR signaling and 

promoting tumor progression. AKT protein expression exhibits a negative correlation with 

UBASH3B mRNA expression (Figure 7A). In contrast, phospho-EGFR (pY1173) exhibits a 

positive correlation with UBASH3B mRNA expression (Figure 7B). Additionally, the EMT 

markers, E-Cadherin and N-Cadherin, correlate with UBASH3B mRNA expression, with E-

Cadherin exhibiting a negative correlation and N-Cadherin exhibiting a positive correlation 

(Figures 7C and D). Together, these results indicate that UBASH3B modulates downstream 

signaling of the EGFR pathway and enhances EMT, contributing to cancer progression. 
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Figure 7. UBASH3B mRNA expression correlates with EGFR signaling and EMT

 

Figure 7. Analysis of UBASH3B mRNA expression and EGFR pathway and EMT protein expression. A. 
Increased UBASH3B expression positively correlates with increased levels of phospho-EGFR (p=0.0226). B. 
Increased levels of UBASH3B expression negatively correlate with AKT protein (p=0.0439). C. UBASH3B 
expression negatively correlates with E-Cadherin protein expression (p=0.0087). D. UBASH3B expression 
positively correlates with N-Cadherin protein expression(p=0.0170). 
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Chapter IV: Conclusions 

 
African Americans with HNSCC exhibit worse overall survival compared to European 

Americans and are diagnosed with more advanced stages at younger ages11,14. The biological 

factors contributing to this have been little explored. Predictive biomarkers and therapeutic 

targets for AA-HNSCC will expand the treatment options.  

This study provides strong evidence that HNSCC disparities go beyond differences in 

socioeconomic status and environmental factors. We found that UBASH3B is overexpressed in 

tumor tissue, and when overexpressed in African American patients, there is significantly worse 

overall survival. This data highlights that the effects of UBASH3B expression behave in a race-

specific manner, disproportionately affecting the AA population. Interestingly, UBASH3B 

mRNA expression does not differ between the two race groups. This may point to the influence 

of translation, post translational modifications, protein turnover, or other factors that cause the 

function of the protein between the two races to differ clinically. Therefore, more work is needed 

to explore the functional differences in UBASH3B that impact its clinical relevancy in the AA 

population. 

We also assessed the influence of copy number variation (CNV) on UBASH3B 

expression.  Pan-caner analyses have revealed CNVs of certain genes play a significant role in 

the development and progression of many cancers by modifying the levels of gene expression. 

This is evidenced by a strong positive correlation between CNV and differential gene 

expression52,53. The present study confirms this correlation, showing that increased copy 

numbers are associated with heightened gene expression in both our patient cohort and HNSCC 

cell lines. As CNVs have been used as predictive models in a number of cancer types54–56, our 

findings point to clinically significant alterations in our region of interest that can be used as a 



 
 
 

37 

biomarker for high-risk patients. This highlights the significant role of CNVs in the regulation of 

UBSH3B expression and its implications for cancer diagnosis, prognosis, and treatment.  

This study presents UBASH3B as a critical oncogene in HNSCC. Notably, when 

assessing protein expression and UBASH3B mRNA expression, we found a positive correlation 

between UBASH3B mRNA expression and EGFR pY1183. EGFR has multiple phosphorylation 

sites that are key to its function. Phosphorylation at this site is associated with the activation of 

the receptor and subsequent signaling pathways, including the PI3K-AKT pathway, that can 

influence cell growth, differentiation, and survival57. The activation of this pathway is likely one 

of the contributing factors to UBASH3B’s oncogenic properties. Furthermore, our study links 

UBASH3B expression with the epithelial-mesenchymal transition (EMT), the process where 

epithelial cells become mesenchymal, losing their polarity and become motile 58–60. Although 

more work is needed to uncover the key signaling pathways UBASH3B initiates, the present 

study suggests that therapeutic targets for UBASH3B may provide clinical benefit to the AA 

patient population. Such advancements could greatly reduce the existing survival disparities in 

HNSCC. 

A limitation of this study is that socioeconomic status and environmental factors were not 

included in the analysis when assessing the survival and clinical characteristics of HNSCC 

patients. Additionally, validating our findings with a larger cohort of African American patients 

would help strengthen and establish the significance of UBASH3B expression among the AA 

population. 
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Supplemental Figure 1. Overall survival curves for HPV-negative HNSCC cohort stratified 

by race 

 

 
 
 
 
Supplemental Figure 1. Overall Survival curves for HPV-negative HNSCC cohort stratified by race. A. 
Kaplan Meier curves for overall survival between AA patients with high and low UBASH3B expression (p=0.0077). 
B Kaplan Meier curves for overall survival between AA and EA patients with high UBASH3B expression 
(p=0.0003). C. Kaplan Meier curves for AA and EA patients with low UBASH3B expression (p=0.8892). D. Kaplan 
Meier curves for EA patients with high and low UBASH3B expression (p=0.9695) 
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Supplemental Figure 2. Progression free interval for HPV-negative HNSCC cohort 

stratified by race 

 

 
 
 
Supplemental Figure 2. Progression Free Interval curves for HPV-negative HNSCC cohort stratified by race. 
A. Kaplan Meier curves for PFI between AA patients with high and low UBASH3B expression show no statistically 
significant difference (p=0.0619). B Kaplan Meier curves for PFI between AA and EA patients with high 
UBASH3B expression show no statistically difference (p=0.0527). C. Kaplan Meier curves for AA and EA patients 
with low UBASH3B expression shows no significant difference in PFI (p=0.7779).   D. Kaplan Meier curves for EA 
patients with high and low UBASH3B expression shows no significant difference in PFI (p=0.8112) 
 
  

0 1000 2000 3000
0

50

100

Proression Free Interval

Time

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l African American High 

Expression (n=17)
African American Low 
Expression (n=28)

0 2000 4000 6000
0

50

100

Progression Free IntervaI

Time

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l African American High 

Expression (n=17)
European American High 
Expression (n=175)

0 2000 4000 6000 8000
0

50

100

Progression Free Interval

Time

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l European American High 

Expression (n=74)
European American Low 
Expression (n=207)

0 2000 4000 6000 8000
0

50

100

Progression Free Interval

Time

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l African American Low 

Expression (n=28)
European American Low 
Expression (n=207)

A

D

B

C



 
 
 

40 

References: 
 
 
1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of 

Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209-249. doi:10.3322/caac.21660 

2. Barsouk A, Aluru JS, Rawla P, Saginala K, Barsouk A. Epidemiology, Risk Factors, and 
Prevention of Head and Neck Squamous Cell Carcinoma. Med Sci. 2023;11(2):42. 
doi:10.3390/medsci11020042 

3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin. 
2022;72(1):7-33. doi:10.3322/caac.21708 

4. Isayeva T, Li Y, Maswahu D, Brandwein-Gensler M. Human Papillomavirus in Non-
Oropharyngeal Head and Neck Cancers: A Systematic Literature Review. Head Neck Pathol. 
2012;6(1):104-120. doi:10.1007/s12105-012-0368-1 

5. Farah CS. Molecular landscape of head and neck cancer and implications for therapy. Ann 
Transl Med. 2021;9(10):915. doi:10.21037/atm-20-6264 

6. Lawrence MS, Sougnez C, Lichtenstein L, et al. Comprehensive genomic characterization of 
head and neck squamous cell carcinomas. Nature. 2015;517(7536):576-582. 
doi:10.1038/nature14129 

7. Stein AP, Saha S, Kraninger JL, et al. Prevalence of Human Papillomavirus in 
Oropharyngeal Cancer: A Systematic Review. Cancer J. 2015;21(3):138. 
doi:10.1097/PPO.0000000000000115 

8. Settle K, Posner MR, Schumaker LM, et al. Racial Survival Disparity in Head and Neck 
Cancer Results from Low Prevalence of Human Papillomavirus Infection in Black 
Oropharyngeal Cancer Patients. Cancer Prev Res Phila Pa. 2009;2(9):776-781. 
doi:10.1158/1940-6207.CAPR-09-0149 

9. Wang J, Sun H, Zeng Q, et al. HPV-positive status associated with inflamed immune 
microenvironment and improved response to anti-PD-1 therapy in head and neck squamous 
cell carcinoma. Sci Rep. 2019;9(1):13404. doi:10.1038/s41598-019-49771-0 

10. Goel B, Tiwari AK, Pandey RK, et al. Therapeutic approaches for the treatment of head and 
neck squamous cell carcinoma–An update on clinical trials. Transl Oncol. 2022;21:101426. 
doi:10.1016/j.tranon.2022.101426 

11. Lee KK, Rishishwar L, Ban D, et al. Association of Genetic Ancestry and Molecular 
Signatures with Cancer Survival Disparities: A Pan-Cancer Analysis. Cancer Res. 
2022;82(7):1222-1233. doi:10.1158/0008-5472.CAN-21-2105 



 
 
 

41 

12. Zhang W, Edwards A, Flemington EK, Zhang K. Racial disparities in patient survival and 
tumor mutation burden, and the association between tumor mutation burden and cancer 
incidence rate. Sci Rep. 2017;7(1):13639. doi:10.1038/s41598-017-13091-y 

13. Mazul AL, Chidambaram S, Zevallos JP, Massa ST. Disparities in head and neck cancer 
incidence and trends by race/ethnicity and sex. Head Neck. 2023;45(1):75-84. 
doi:10.1002/hed.27209 

14. Zandberg DP, Liu S, Goloubeva O, et al. Oropharyngeal cancer as a driver of racial outcome 
disparities in squamous cell carcinoma of the head and neck: 10-year experience at the 
University of Maryland Greenebaum Cancer Center. Head Neck. 2016;38(4):564-572. 
doi:10.1002/hed.23933 

15. Zandberg DP, Liu S, Goloubeva OG, Schumaker LM, Cullen KJ. Emergence of HPV16 
positive oropharyngeal cancer in black patients over time: University of Maryland 1992-
2007. Cancer Prev Res Phila Pa. 2015;8(1):12-19. doi:10.1158/1940-6207.CAPR-14-0089-
T 

16. Baliga S, Yildiz VO, Bazan J, et al. Disparities in Survival Outcomes among Racial/Ethnic 
Minorities with Head and Neck Squamous Cell Cancer in the United States. Cancers. 
2023;15(6):1781. doi:10.3390/cancers15061781 

17. Taylor DB, Osazuwa-Peters OL, Okafor SI, et al. Differential Outcomes Among Survivors 
of Head and Neck Cancer Belonging to Racial and Ethnic Minority Groups. JAMA 
Otolaryngol-- Head Neck Surg. 2022;148(2):1-10. doi:10.1001/jamaoto.2021.3425 

18. Nocon CC, Ajmani GS, Bhayani MK. A contemporary analysis of racial disparities in 
recommended and received treatment for head and neck cancer. Cancer. 2020;126(2):381-
389. doi:10.1002/cncr.32342 

19. Vyfhuis MAL, Suzuki I, Bentzen SM, Cullen KJ, Goloubeva OG. Adherence to Guideline‐
Concordant Care and Its Effect on Survival in Black Patients with Head and Neck Cancers: 
A SEER‐Medicare Analysis. The Oncologist. 2021;26(7):579-587. doi:10.1002/onco.13763 

20. Yuan J, Hu Z, Mahal BA, et al. Integrated Analysis of Genetic Ancestry and Genomic 
Alterations across Cancers. Cancer Cell. 2018;34(4):549-560.e9. 
doi:10.1016/j.ccell.2018.08.019 

21. Guerrero-Preston R, Lawson F, Rodriguez-Torres S, et al. JAK3 Variant, Immune 
Signatures, DNA Methylation, and Social Determinants Linked to Survival Racial 
Disparities in Head and Neck Cancer Patients. Cancer Prev Res (Phila Pa). 2019;12(4):255-
270. doi:10.1158/1940-6207.CAPR-17-0356 

22. Chaudhary S, Dam V, Ganguly K, et al. Differential mutation spectrum and immune 
landscape in African Americans versus Whites: A possible determinant to health disparity in 
head and neck cancer. Cancer Lett. 2020;492:44-53. doi:10.1016/j.canlet.2020.07.029 



 
 
 

42 

23. Singh U, Hernandez KM, Aronow BJ, Wurtele ES. African Americans and European 
Americans exhibit distinct gene expression patterns across tissues and tumors associated 
with immunologic functions and environmental exposures. Sci Rep. 2021;11(1):9905. 
doi:10.1038/s41598-021-89224-1 

24. Ramakodi MP, Devarajan K, Blackman E, et al. Integrative genomics analysis identifies 
ancestral-related eQTLs on POLB, and supports the association of genetic ancestry with 
survival disparity in HNSCC. Cancer. 2017;123(5):849-860. doi:10.1002/cncr.30457 

25. Chen S, Zhang W, Li X, Cao Z, Liu C. DNA polymerase beta connects tumorigenicity with 
the circadian clock in liver cancer through the epigenetic demethylation of Per1. Cell Death 
Dis. 2024;15(1):78. doi:10.1038/s41419-024-06462-7 

26. Srivastava DK, Husain I, Arteaga CL, Wilson SH. DNA polymerase β expression differences 
in selected human tumors and cell lines. Carcinogenesis. 1999;20(6):1049-1054. 
doi:10.1093/carcin/20.6.1049 

27. Sweasy JB, Lang T, Starcevic D, et al. Expression of DNA polymerase β cancer-associated 
variants in mouse cells results in cellular transformation. Proc Natl Acad Sci U S A. 
2005;102(40):14350-14355. doi:10.1073/pnas.0505166102 

28. Tsygankov AY. TULA-family proteins: Jacks of many trades and then some. J Cell Physiol. 
2019;234(1):274-288. doi:10.1002/jcp.26890 

29. Agrawal R, Carpino N, Tsygankov A. TULA proteins regulate activity of the protein 
tyrosine kinase Syk. J Cell Biochem. 2008;104(3):953-964. doi:10.1002/jcb.21678 

30. Chen X, Ren L, Kim S, et al. Determination of the Substrate Specificity of Protein-tyrosine 
Phosphatase TULA-2 and Identification of Syk as a TULA-2 Substrate *. J Biol Chem. 
2010;285(41):31268-31276. doi:10.1074/jbc.M110.114181 

31. Liyasova MS, Ma K, Lipkowitz S. Molecular Pathways: Cbl Proteins in Tumorigenesis and 
Antitumor Immunity—Opportunities for Cancer Treatment. Clin Cancer Res Off J Am Assoc 
Cancer Res. 2015;21(8):1789-1794. doi:10.1158/1078-0432.CCR-13-2490 

32. Swaminathan G, Tsygankov AY. The Cbl family proteins: Ring leaders in regulation of cell 
signaling. J Cell Physiol. 2006;209(1):21-43. doi:10.1002/jcp.20694 

33. Mohapatra B, Ahmad G, Nadeau S, et al. Protein tyrosine kinase regulation by 
ubiquitination: Critical roles of Cbl-family ubiquitin ligases. Biochim Biophys Acta BBA - 
Mol Cell Res. 2013;1833(1):122-139. doi:10.1016/j.bbamcr.2012.10.010 

34. Raguz J, Wagner S, Dikic I, Hoeller D. Suppressor of T-cell receptor signalling 1 and 2 
differentially regulate endocytosis and signalling of receptor tyrosine kinases. FEBS Lett. 
2007;581(24):4767-4772. doi:10.1016/j.febslet.2007.08.077 



 
 
 

43 

35. Garlapati C, Joshi S, Bhattarai S, et al. PLK1 and AURKB phosphorylate survivin 
differentially to affect proliferation in racially distinct triple-negative breast cancer. Cell 
Death Dis. 2023;14(1):1-13. doi:10.1038/s41419-022-05539-5 

36. Prakash O, Hossain F, Danos D, Lassak A, Scribner R, Miele L. Racial Disparities in Triple 
Negative Breast Cancer: A Review of the Role of Biologic and Non-biologic Factors. Front 
Public Health. 2020;8. doi:10.3389/fpubh.2020.576964 

37. Garlapati C, Joshi S, Sahoo B, Kapoor S, Aneja R. The persisting puzzle of racial disparity in 
triple negative breast cancer: looking through a new lens. Front Biosci-Sch. 2019;11(1):75-
88. doi:10.2741/S527 

38. Lee ST, Feng M, Wei Y, et al. Protein tyrosine phosphatase UBASH3B is overexpressed in 
triple-negative breast cancer and promotes invasion and metastasis. Proc Natl Acad Sci. 
2013;110(27):11121-11126. doi:10.1073/pnas.1300873110 

39. Goyama S, Schibler J, Gasilina A, et al. UBASH3B/Sts-1-CBL axis regulates myeloid 
proliferation in human preleukemia induced by AML1-ETO. Leukemia. 2016;30(3):728-739. 
doi:10.1038/leu.2015.275 

40. Wu D, Fan W, Zhang Z, et al. Identification of a Prognostic Pyroptostic-Related Model for 
Head and Neck Squamous Cell Carcinoma Based on LASSO-Cox Regression Analysis. J 
Oncol. 2022;2022:e1434565. doi:10.1155/2022/1434565 

41. Murphrey MB, Quaim L, Rahimi N, Varacallo M. Biochemistry, Epidermal Growth Factor 
Receptor. In: StatPearls. StatPearls Publishing; 2024. Accessed March 29, 2024. 
http://www.ncbi.nlm.nih.gov/books/NBK482459/ 

42. Kriegs M, Clauditz TS, Hoffer K, et al. Analyzing expression and phosphorylation of the 
EGF receptor in HNSCC. Sci Rep. 2019;9(1):13564. doi:10.1038/s41598-019-49885-5 

43. Box C, Rogers SJ, Mendiola M, Eccles SA. Tumour-microenvironmental interactions: paths 
to progression and targets for treatment. Semin Cancer Biol. 2010;20(3):128-138. 
doi:10.1016/j.semcancer.2010.06.004 

44. Holz C, Niehr F, Boyko M, et al. Epithelial–mesenchymal-transition induced by EGFR 
activation interferes with cell migration and response to irradiation and cetuximab in head 
and neck cancer cells. Radiother Oncol. 2011;101(1):158-164. 
doi:10.1016/j.radonc.2011.05.042 

45. Zuo JH, Zhu W, Li MY, et al. Activation of EGFR promotes squamous carcinoma SCC10A 
cell migration and invasion via inducing EMT-like phenotype change and MMP-9-mediated 
degradation of E-cadherin. J Cell Biochem. 2011;112(9):2508-2517. doi:10.1002/jcb.23175 

46. Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and neck cancer. Lancet Lond Engl. 
2008;371(9625):1695-1709. doi:10.1016/S0140-6736(08)60728-X 



 
 
 

44 

47. Cerami E, Gao J, Dogrusoz U, et al. The cBio cancer genomics portal: an open platform for 
exploring multidimensional cancer genomics data. Cancer Discov. 2012;2(5):401-404. 
doi:10.1158/2159-8290.CD-12-0095 

48. de Bruijn I, Kundra R, Mastrogiacomo B, et al. Analysis and Visualization of Longitudinal 
Genomic and Clinical Data from the AACR Project GENIE Biopharma Collaborative in 
cBioPortal. Cancer Res. 2023;83(23):3861-3867. doi:10.1158/0008-5472.CAN-23-0816 

49. Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of complex cancer genomics and 
clinical profiles using the cBioPortal. Sci Signal. 2013;6(269):pl1. 
doi:10.1126/scisignal.2004088 

50. Tang G, Cho M, Wang X. OncoDB: an interactive online database for analysis of gene 
expression and viral infection in cancer. Nucleic Acids Res. 2022;50(D1):D1334-D1339. 
doi:10.1093/nar/gkab970 

51. Liu J, Lichtenberg T, Hoadley KA, et al. An Integrated TCGA Pan-Cancer Clinical Data 
Resource to Drive High-Quality Survival Outcome Analytics. Cell. 2018;173(2):400-
416.e11. doi:10.1016/j.cell.2018.02.052 

52. Shao X, Lv N, Liao J, et al. Copy number variation is highly correlated with differential gene 
expression: a pan-cancer study. BMC Med Genet. 2019;20(1):175. doi:10.1186/s12881-019-
0909-5 

53. Shlien A, Malkin D. Copy number variations and cancer. Genome Med. 2009;1(6):62. 
doi:10.1186/gm62 

54. Graf RP, Eskander R, Brueggeman L, Stupack DG. Association of Copy Number Variation 
Signature and Survival in Patients With Serous Ovarian Cancer. JAMA Netw Open. 
2021;4(6):e2114162. doi:10.1001/jamanetworkopen.2021.14162 

55. Tian Y, Xu C, Li L, Han P, Li Z. The CNV Predict Model in Esophagus Cancer. In: Huang 
DS, Jo KH, Jing J, Premaratne P, Bevilacqua V, Hussain A, eds. Intelligent Computing 
Theories and Application. Springer International Publishing; 2022:405-414. 
doi:10.1007/978-3-031-13829-4_35 

56. Molparia B, Nichani E, Torkamani A. Assessment of circulating copy number variant 
detection for cancer screening. PLOS ONE. 2017;12(7):e0180647. 
doi:10.1371/journal.pone.0180647 

57. Wang F, Wang S, Wang Z, et al. Phosphorylated EGFR expression may predict outcome of 
EGFR-TKIs therapy for the advanced NSCLC patients with wild-type EGFR. J Exp Clin 
Cancer Res. 2012;31(1):65. doi:10.1186/1756-9966-31-65 

58. Yang J, Antin P, Berx G, et al. Guidelines and definitions for research on epithelial–
mesenchymal transition. Nat Rev Mol Cell Biol. 2020;21(6):341-352. doi:10.1038/s41580-
020-0237-9 



 
 
 

45 

59. Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition. J Clin Invest. 
2009;119(6):1420-1428. doi:10.1172/JCI39104 

60. Pei D, Shu X, Gassama-Diagne A, Thiery JP. Mesenchymal–epithelial transition in 
development and reprogramming. Nat Cell Biol. 2019;21(1):44-53. doi:10.1038/s41556-018-
0195-z 

 


