
 
 

PROTEOMIC ASSESSMENT OF PHARYNX (FADU) AND TONGUE (CAL27) CELL 
LINES OF HEAD AND NECK SQUAMOUS CELL CANCER 

 
 
 
 
 
 

A Thesis by Bach Nguyen 

Bachelor of Science, Wichita State University, 2016 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Submitted to the Department of Biological Sciences 
and the faculty of the Graduate School of 

Wichita State University 
in partial fulfillment of 

the requirements for the degree of 
Master of Science 

 
 
 
 
 
 
 
 
 
 
 

December 2019 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright 2019 by Bach Nguyen 
All Rights Reserved 



iii 
 

PROTEOMIC ASSESSMENT OF PHARYNX (FADU) AND TONGUE (CAL27) CELL 
LINES OF HEAD AND NECK SQUAMOUS CELL CANCER 

 
 

The following faculty members have examined the final copy of this thesis for form 
and content and recommend that it be accepted in partial fulfillment of the requirement for 
the degree of Master of Science with a major in Biological Sciences. 

 
 
 
 
 

 
William J. Hendry III, Committee Chair 

 
 
 

Moriah Beck, Committee Member 
 
 

Li Yao, Committee Member 



iv 
 

DEDICATION 
 

To my parents, Luyen Nguyen and Kimchi Luu, and my extended family. Their love and 

support constantly enable me to continue to carve my own path in the world.



v 
 

ACKNOWLEDGEMENTS 
 

 
I would like to thank Dr. William Hendry for all the support and guidance he has provided 

for me throughout the graduate school process. Dr. Hendry kept me engaged and always supported 

me to keep researching and reading. His guidance is invaluable as he aided me through the research 

process as well as educating me on valuable teaching skills. Dr. Hendry kept me brainstorming 

and looking at my research plans, methods, and general ideas regarding HNSCC. Not only did he 

provide me valuable professional skills involving research and teaching, he taught me important 

life lessons through his leadership as well as his own actions when faced with obstacles in his life. 

Dr. Hendry truly was a great advisor for research, teaching, and life lessons.  

I would like to thank Isabel Hendry for her determination on teaching me lab skills that I 

continuously used during my graduate school run at Wichita State University. She was strict, but 

her training method was efficient. Throughout the training process, she always motivated me to 

keep trying and be tough through hard times. From her, I was able to see that many techniques and 

procedures in research are like an “art form.”  

I would like to thank Dr. Moriah Beck and Dr. Li Yao for their input on my research 

project. Thank you, Dr. Moriah Beck, for showing life outside of the lab and being an advocate 

for the awareness of the sciences, especially amongst the youth. Thank you, Dr. Li Yao, for all the 

random checkups and lending a listening ear for any issues or problems I am facing in research. 

Nevertheless, thank you for your patience with my research.  

I would like to thank Maria Martino and Marcia Norton for all the support and advice you 

both have given me throughout the graduate school program. Thank you for providing all the 

support necessary for me to continue progressing in the program and growing as a person. The 

everlasting wealth of laughter you both provided will forever stay with me.  



vi 
 

I would like to thank Nayan Shrestha for furthering my knowledge of skills and techniques 

in Dr. Hendry’s research lab as well as giving me teaching advice. Most of all, thank you for all 

the support when I was faced with obstacles in my life outside of research.  

I would like to thank former and current graduate students, as well as faculty and staff of 

Wichita State University for creating a space to grow and learn in a science-oriented environment.  

I would like to thank my family for always supporting me for whatever path I decided to 

travel in life.  

Last, but not least, I would like to thank the community around me for all the continuous 

support and opportunities to grow.



vii 
 

ABSTRACT 

Head and neck cancer are the sixth most common cancer worldwide and its diagnostic 

rate is approximately 630,000 new patients a year with more than 350,000 deaths every year.  

The majority (approximately 90%) of head and neck cancers are squamous cell carcinomas 

(HNSCC) that arise from the stratified squamous epithelial cell lining of the upper aerodigestive 

tract.  The five-year survival rates for HNSCC are relatively low because primary tumor 

detection at initial stages and relapse prevention has not improved.  While several protein 

biomarkers are linked to some types of HNSCC, an extensive profile of such markers for two 

representative cell lines (FaDu and CAL27) is not well established.  This project set out to detect 

both similarities and differences between the two cell lines regarding the expression of some 

biomarker proteins utilizing Western Blot analysis and immunohistochemistry analysis, but less 

than 10% of the antibodies initially tested by Western Blot analysis yielded positive/expected 

results and cells cultured on glass multi-chamber slides yielded unexpected levels and 

localization of target biomarker signals. Ultimately, we set out to establish that the hamster cheek 

pouch xenotransplantation model can accept HNSCC, and the hamster cheek pouch 

xenotransplantation model did accept the growth of HNSCC, specifically FaDu.  Also observed 

in the in vivo transplant masses was a putative immune/inflammatory cell infiltration 

phenomenon.  However, we were not able to identify the specific types of host animal cells that 

were involved in that phenomenon. 
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CHAPTER 1 

Introduction 

 

1.1 Head and Neck Cancer 

Head and neck cancer are the sixth most common cancer worldwide and its diagnosis rate 

is approximately 630,000 new patients a year, with more than 350,000 deaths every year [1, 2]. = 

More than half of the new cases are diagnosed at advanced stages III or IV [3]. The majority of 

head and neck cancer arise from the stratified squamous epithelial cell lining of the upper 

aerodigestive tract in the oral cavity, nasal cavity, pharynx, larynx, and lumen of the esophagus 

[4]. Head and neck cancer accounts for about 3% of all cancers in the United States, of which head 

and neck squamous cell carcinoma (HSNCC) constitutes the majority of cases [4, 5]. In the United 

States, it is estimated that 63,030 people will develop head and neck cancer per year and it is more 

than twice as common in men than in women [4, 5]. The incidence rates for head and neck cancer 

widely vary among countries/regions, with Central and South American regions having the some 

of the highest rates [6].  

HNSCC develops from a multitude of pathways that involve genetic inheritance and 

environmental risk factors. According to the National Cancer Institute, smoking and alcohol abuse 

are the primary risk factors for HNSCC [5, 7]. However, the fact that not all alcohol and tobacco 

users develop HNSCC suggests that the degree of exposure plus individual genetic susceptibility 

factors influence the development of HNSCC [8]. Additionally, human papillomavirus (HPV) is a 

possible risk factor because some individuals with oropharyngeal carcinogenesis, tonsillar cancer 

specifically, have a history of HPV infection [9]. HPV transmission is by sexual activity and the 

frequency of sexual activity in addition to the number of sexual partners an individual has increases 



2 
 

both the risk of HPV transmission and the risk of cancer development [9].  

Thus, general prevention methods for HNSCC are to not smoke cigarettes/use tobacco 

products or quit smoking cigarettes/usage of tobacco products, prevent/limit exposure to possible 

second hand smoke environments or carcinogenic environments, reduce alcohol consumption, 

screen for other diseases that may give rise to HNSCC (such as HPV), and maintain overall good 

oral health [10, 11]. HNSCC is characterized by poor early diagnosis so improved understanding 

of its molecular genetics will likely identify specific biomarkers that are essential for better early 

detection/prevention of HNSCC development in tumor cells, earlier intervention, and greater 

specificity in therapeutic approaches [7]. 

Treatment of HNSCC depends on its location and stage and generally involves surgery, 

radiation, and/or chemotherapy. Surgery is the preferred approach but removal of masses from 

head and neck areas often leads to functional impairment and/or cosmetic deformation because the 

head and neck regions are vital for functional processes such as breathing, swallowing, and speech 

[12]. Cosmetic deformation from surgical procedures is also problematical because humans relay 

social and personality signals through facial expressions and mouth articulation in speech [13-15]. 

Radiotherapy is an alternative if the surgical tumor removal will greatly impair the patient’s quality 

of life [16]. 

Approximately one-third of newly diagnosed HNSCC patients are stage I (tumor size less 

than or equal to 2 cm with a depth less than or equal to 5 mm) or stage II (tumor size greater than 

2 cm but less than or equal to 4 cm with a depth less than or equal to 10 mm, or tumor size less 

than or equal to 2 cm and depth greater than 5 mm but less than 10 mm) [7, 17]. Over half of newly 

diagnosed HNSCC patients are advanced stage III (tumor size greater than 4 cm, or tumor of any 

size and depth greater than 10 mm) or stage IV (generally referred to as a locally advanced 
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tumor/very advanced tumor beyond the parameters of stage III) [7, 17]. Stage I and II tumors are 

typically surgically removed or treated with radiation and such patients are often cured since their 

tumors are generally contained within a specific region [7, 17]. However, stage III and IV patients 

may have to undergo more extensive surgery and/or require a combination of chemotherapy and 

radiation treatment [7, 17]. As noted above, such surgical procedures can result in significant 

deformations that drastically affect the patient’s quality of life. Furthermore, patients with 

advanced tumors exhibit a roughly 50% risk of relapsed tumor growth within 2 years [18].  

While overall treatment results via surgical, radiation, and chemotherapy methods have 

improved, the five-year survival rates for HNSCC remain relatively low because primary tumor 

detection at the initial stage and prevention of relapse has not improved [5, 7, 19]. The five-year 

survival expectancy is approximately 50% with lymph node metastases [20]. Better understanding 

of the biological involvement of cancer marker proteins in the initiation and progression of head 

and neck squamous cell carcinomas will greatly aid the diagnosis, prognosis, and treatment of that 

disease. Additionally, adaption of a HNSCC transplantation system for in vivo analyses should 

facilitate those objectives. 

1.2 Screening for Head and Neck Cancer 

General screenings that detect potential health disorders or diseases can improve a patient’s 

quality of life by better focusing preventive measures and treatment approaches [21]. 

Unfortunately, screenings can be expensive/time-consuming for physicians, anxiety-inducing for 

patients, and can result in false-positive or false-negative findings [22]. 

Most screening methods involve a visual oral inspection that is inexpensive and 

noninvasive while more advanced techniques and diagnostic tools such as crush cytology and 

autofluorescence are also available. Unfortunately, these newer techniques do not show significant 
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improvements over the visual oral inspection methods and can be more expensive than the 

traditional methods [24]. Thus, the visual oral inspection method is the preferred method of 

examination for patients who may have a higher risk of developing head and neck cancer [23]. 

Additionally, a focus at a regional level for specific types of head and neck cancer may be more 

beneficial as differing regions may exhibit higher risk factors for a specific type of head and neck 

cancer [24]. Smaller focus regions, by limiting the area being observed, may then provide a more 

cost-effective and accurate screening approach. Nevertheless, the simple method of visual oral 

inspection can produce variable and therefore unreliable results[25]. These considerations further 

support the idea that development of more specific screening methods for individual types of head 

and neck cancer such as focusing on cancer stem cell marker proteins is needed [26]. 

1.3 Cell and Animal Models of Cancer 

Cell and animal models allow for controlled testing of biological processes responsible for 

human diseases [27]. For instance, cell lines derived from HNSCC tumors can be used to further 

understand the molecular, genetic, and immunological properties of head and neck cancer and then 

develop more robust diagnosis, prognosis, and therapeutic methods [28]. Another advantage of 

cell models is their ability to yield copious amounts of research sample material 

(DNA/RNA/protein) in a cost-efficient manner [28]. However, cell models of cancer can vary in 

the degree to which they accurately represent the in-vivo state of tumors. Furthermore, a multitude 

of in-vitro factors may alter the phenotype of cultured HNSCC cell lines. For instance, media with 

serum is generally used to improve growth of HNSCC cell lines in-vitro but the complex and 

undefined serum components in such growth media may also affect the cultured cells’ phenotype 

[28, 29]. Animal models can also be used to analyze biological processes involved in human 

diseases. More specifically, xenografting/xenotransplantation of human cancer cells or tissues into 
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animal hosts enables researchers to closely mimic the human in-vivo environments present in a 

patient’s tumor [28, 30]. However, animal models of cancer are relatively expensive to establish 

and maintain [28]. 

1.4 Proteomics 

Proteomics deals with the cohort of proteins present in a biological system. Proteins are 

the final products of gene expression and define the phenotype of a given cell or tissue [31]. The 

human genome contains more than 30,000 unique and specific genes that create upwards of 

100,000 distinct protein products with varying functions. Additionally, there are multiple isoforms 

and modifications of protein products that further diversify their actions [32]. Understanding the 

functions of and interactions among proteins and their roles in biological processes is an active 

topic. Consequently, proteomic analysis aids the classification of disease types and stages and 

thereby provides insight into specific biomarkers that scientists and clinicians can use to 

understand biological mechanisms that are relevant to particular diseases such as cancer [33]. 

Following, subpopulations of cells within solid tumors demonstrate specific behaviors such 

as those relevant to cancer stem cells (CSC) that are now hypothesized to drive tumor growth and 

maintenance [34]. Cancer stem cells are a distinct subpopulation of intratumoral cells that may 

propagate tumors through a number of characteristics that include increased proliferation and 

altered regulation of cell function and differentiation state [35]. Furthermore, the presence of 

cancer stem cells in the tumor promotes tumor heterogeneity and unique phenotypical 

characteristics [36, 37]. Cancer stem cells also regulate and sustain tumorigenesis via their 

capabilities to self-renew and thereby maintain a stem cell pool that can generate cell heterogeneity 

and proliferation [34, 35]. Therefore, cancer stem cell biomarkers were considered in the 

identification of potential biomarkers to target for this project. Of the growing roster of potential 
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CSC marker proteins, including other regulatory and structural proteins, the following are 

descriptions of some of the targeted proteins that were analyzed in this project. 

i. A20 is a Cys2/Cys2 zinc finger protein that is involved with inflammatory pathways and 

is induced by interleukin 1 (IL-1) and tumor necrosis factor (TNF) [38, 39]. A20 acts as a negative 

regulator of nuclear factor κ B [40-42]. Moreover, A20 interacts with other proteins, such as 

TXBP151, to inhibit cell death by apoptosis [43-45]. 

ii. Actin is expressed in all eukaryotic cells and is useful as a reference protein or a house-

keeping protein [46]. Actin filaments provide morphological structure and stability to cells and are 

also involved in the contractile apparatus of muscle cells and microvilli [46]. In mammalian 

tissues, actin is categorized by three classes: alpha, beta, and gamma [46]. The alpha class provides 

support in muscle cells while beta and gamma classes are expressed in other cell types [46].  

iii. Cadherins play an important role in regulating cell: cell binding and ultimately determine 

tissue structure and morphogenesis. E-cadherin is a significant regulator of epithelial intercellular 

adhesion [47] and its downregulation allows some cancer cells to overcome contact inhibition, 

thereby allowing proliferation and metastasis [48, 49]. However, other studies yielded conflicting 

results regarding the prognostic value of E-cadherin for HNSCC [50] and/or its collective role in 

cancer cell migration and invasion [51]. 

iv. Catenins are proteins that bind to cadherins to form a complex that mediates cellular 

adhesion and may also regulate cell signaling [52-55]. Alpha-Catenin is associated with E-

cadherin, N-cadherin, and P-cadherin [56]. Within breast cancer cell lines, alpha-catenin levels are 

reduced [57]. 

v. Beta-Catenin is particularly associated with the cytoplasmic portion of E-cadherin and is 

vital for cellular adhesion [58]. Additionally, beta-catenin regulates the mesoderm inducer 
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BRACHYURY that imposes stem cells characteristics in colorectal cancer cells so that they 

respond to pro-invasion/metastasis signals [59]. 

vi. Cortactin is a F-Actin binding protein and a substrate for Src p60 and is involved in cell 

motility and invasion [60]. The cortactin gene resides on chromosome locus 11q13 that is 

frequently altered in human cancer and upregulation of chromosome locus 11q13 is linked to 

metastasis [61-66]. In several animal models, decreased expression of cortactin leads to reduced 

migration of tumor cells while increased expression of cortactin leads to tumor dissemination [67-

69]. An analysis of cortactin expression in HNSCC suggests that cortactin is a prognostic factor 

for local recurrence and survival, as overexpression of cortactin increased recurrence rates and 

decreased 5-year overall survival [60, 70]. Additionally, cortactin is involved in the epidermal 

growth factor receptor (EGFR) pathway that leads to cancer development and metastasis [71]. 

vii. Cytokeratins are intermediate filament proteins. Normally expressed in basal cells of 

complex epithelia, Cytokeratin 17 regulates cell growth and size. Studies of Cytokeratin 17 

expression in cancer cells indicate its usefulness as a marker for cervical stem cells, human urinary 

tract carcinomas, thyroid carcinoma, and HNSCC [72-79].  

viii. Ezrin is a cross-linker between the actin cytoskeleton and plasma membrane-localized 

proteins [80]. A study of the prognostic importance of ezrin, maspin, and nm23-H1 for HNSCC 

suggested that high ezrin levels are associated with shorter disease-free survival [81]. Further 

studies showed that high ezrin expression correlates with poor survival in HNSCC, invasion and 

metastasis of laryngeal squamous cell carcinoma, and malignant progression of laryngeal 

squamous cell carcinoma [82-84]. 

ix. GAPDH, glyceraldehyde-3-phosphate dehydrogenase, catalyzes the reversible oxidative 

phosphorylation of glyceraldehyde-3-phosphate in the presence of inorganic phosphate and 
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nicotinamide adenine dinucleotide (NAD). While commonly considered a cell housekeeping gene 

product with an integral role in glycolysis, more recent evidence suggests that GAPDH can also 

take part in cytoskeleton structuring, tRNA export, DNA replication, DNA repair, exocytosis, 

endocytosis, cell death, and carcinogenesis [85-87]. Indeed, other emerging questions about 

GAPDH in cancer cell lines/tissues include its relative expression levels and its posttranslational 

modifications [88], plus its role as a pro-apoptotic agent [89, 90].  

x. HLA-DR, human leukocyte antigen-DR, is a member of the major histocompatibility 

complex (MHC) class II family of antigen presentation molecules that are encoded on human 

chromosome 6. HDLA-DR is commonly associated with inflammatory responses [91, 92] and is 

also identified as a positive prognosis factor in some cancers, including squamous cell carcinoma 

of the larynx [93-95]. However, while HLA-DR expression may increase during the early stages 

of inflammation and progression of some cancers, low HLA-DR expression is linked to worse 

survival outcomes for esophageal adenocarcinoma. Therefore, its relevance as a biomarker may 

be tumor-type specific [96].  

xi. HSP60, heat shock protein 60, regulates protein folding, transport of proteins across 

cellular membranes [97-99] and has a cytoprotective effect in cancer cells [100, 101]. While 

HSP60 may be a sensitive biomarker in early-stage cancer, its expression increases in more 

advanced stages of cancer [102]. While HSP60 upregulation was reported in prostate, breast, and 

cervical cancer, downregulation was reported in bronchial cancer, bladder cancer, and some 

HNSCC cells (including FaDu) [97-99, 103, 104]. 

xii. MACC1, metastasis-associated in colon cancer-1, is a protein that is upregulated in 

advanced metastatic colon carcinomas. MACC1’s transcriptional target is the HGF (hepatocyte 

growth factor) receptor/MET or PI3k/AKT pathway, and promotes proliferation and migration of 
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colon cancer cells or the stem cell-like properties that promote cancer development [105-107]. For 

colon cancer, MACC1 is a significant prognostic marker of reduced survival due to its metastatic 

effects. Furthermore, MACC1 is linked to the proliferation, migration, and invasion of 

nasopharyngeal carcinoma cells through interactions with the Akt/B-catenin signaling pathways 

[108, 109]. 

xiii.  Occludin is a protein that regulates trans-endothelial cell resistance and cellular 

permeability [110, 111], and is downregulated in thyroid cancer [110].  

xiv. Oct-3/4, octamer binding transcription factor -3/4, regulates the self-renewal of embryonic 

stem cell populations [112]. Additionally, high levels of Oct-3/4 correlates with a drug-resistant 

phenotype of glioblastoma cells and poor overall survival rates for HNSCC [113]. 

xv. P120-Catenin serves as a substrate for sarcoma kinase and regulates E-cadherin by 

complexing with it to stabilize its plasma membrane localization, thus maintaining tissue structure 

[114-116]. In breast cancer, a study suggests that p120 reduces tumor cell migration and invasion 

[117]. However, it is also reported that p120 may exert oncogenic properties through its 

translocation to the cytosol [118]. Consequently, p120 may play different roles in individual 

cancers to either promote or suppress tumor development. 

xvi. PCNA, proliferating cell nuclear antigen, is involved in the recruitment of proteins 

necessary for DNA replication and repair. Studies suggest that overexpression of PCNA may be 

an effective biomarker for overall survival of osteosarcoma patients [119]. In addition, utilization 

of PCNA in conjunction with other markers may be an effective method to diagnose breast cancer 

[120]. Furthermore, a promising combined marker system for prognosis of radiotherapy for head 

and neck cancer involved analysis of expression levels for Ki-67, PCNA, and additional marker 

proteins [121].  
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xvii. Rac1 is a member of the Ras-related GTPase family of proteins and its two conformational 

states, (active) GTP-bound and (inactive) GDP-bound, perform different functions depending on 

the activator. Thus, Rac1 may induce cell transformation as it promotes epithelial-to-mesenchymal 

transition in gastric adenocarcinoma cells that leads to a cancer stem-like cell state, which may 

then proceed to tumor/cancer development [122]. Rac1 is also associated with decreased early 

treatment response rates and increased risks of tumor recurrence in HNSCC [123]. 

xviii. RAR-β, retinoic acid receptor-beta, includes an isoform that acts as a tumor suppressor. 

RAR-β expression is repressed during breast cancer progression and in some cases of oral and 

lung premalignant lesions [124]. However, decreased expression of RAR-β was also correlated 

with neoplastic progression in HNSCC [125, 126]. 

xix. Stat5A, signal transducer and activator of transcription 5A, is activated through the JAK-

STAT signaling pathway to regulate proliferation and differentiation pathways [127]. These 

pathways are important in cancer development and a study of Stat5 resulted in deeper analyses of 

both Stat5A and Stat5B. The study discovered that targeting Stat5A with either antisense or 

dominant-negative strategies had no effect on cell growth of head and neck cancer but the presence 

of Stat5B yielded upregulated growth [128]. These observations raise important questions about 

the role of Stat5A and Stat5B in HNSCC and other cancer types. 

xx. TLR4, toll like receptor 4, regulates innate immunity through pathogen recognition and is 

activated in response to lipopolysaccharide. TLR4 activation is linked to head and neck squamous 

cell carcinoma via promotion of proliferation and production of interleukin-6, interleukin-8, 

vascular endothelial growth factor, and granulocyte macrophage colony-stimulating factor [129].  

Additionally, TLR4 can be coupled with other markers as a beneficial cancer prognostic tool [130]. 
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1.5 Research plan 

My project is part of a research agenda that is focusing on utilization of the hamster cheek 

pouch system as a xenotransplantation-based model for human malignancies. While we initially 

focused on ovarian cancer, recent information suggests that our xenotransplantation system is 

particularly well suited for the investigation of human HNSCC. The hypothesis of this project 

being that a novel xenotransplantation approach utilizing a hamster cheek pouch host model 

system could serve as a patient "avatar" system for HNSCC as the model system allows for the 

acceptance/growth of the HNSCC cell lines. This project serves as the initial stage process 

involving the use of established human tumor cell lines of HNSCC to be adapted to the 

xenotransplantation into the hamster cheek pouch site. This hamster cheek pouch location is an 

ideal location for this xenotransplantation process because of the location's immunologically 

privilege nature, and the easy eversion of the pouch, which does not cause drastic trauma to the 

animal, allows for repeated evaluation [131-133]. To begin testing that hypothesis, my project 

pursued the following Specific Aims: 

1. Establish cultures of FaDu (from pharynx tumor tissue) and CAL 27 (from tumor tongue 

tissue) cells and first assess the differential expression of potential biomarkers at the 

proteomic and whole-cell level by Western blot (WB) analysis. 

2. Use the antibodies tested/validated as stated above (WB analysis) to assess the 

expression/localization of the potential biomarker proteins at the individual cell and sub-

cellular levels in FaDu and CAL 27 cell lines by immunohistochemistry (IHC) analysis. 

3. Test and optimize protocols for xenotransplantation of the two HNSCC cell lines (donor 

samples) into the hamster cheek pouch (host site). 
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CHAPTER 2 

Materials and Methods 

 

2.1 Reagents 

Table 1. General Reagents Utilized. This table lists the general reagents used and their sources. 

Reagent Source 

DMEM/F-12  HyClone Laboratories, Inc. 

Fetal Calf Serum Atlanta Biologicals, Inc. 

Dulbecco’s Phosphate-Buffered Saline Sigma Chemical Co. (St. Louis, MO) 

Antibodies Various (refer to Table 2) 

Paraformaldehyde Fisher Scientific International, Inc. 

Permount Fisher Scientific International, Inc. 

 

2.2 Animal Host Maintenance 

The host animals utilized for this research project were maintained in a vivarium that is 

supervised by the Wichita State University Institutional Animal Care and Use Committee 

(IACUC) and is an Association for Assessment and Accreditation of Laboratory animal Care 

(AAALAC)-accredited facility. Procedures regarding the animal hosts such as anesthesia, cheek 

pouch xenotransplantation, and post-xenotransplantation examination, were reviewed and 

approved by IACUC [133-136]. 

Female Syrian golden hamsters (Mesocricetus auratus) were obtained from Harlan 

Sprague Dawley, Inc. (Indianapolis, IN). They were received at 3-4 weeks of age and were caged 

in groups of four. They were subjected to 14 hours light period and 10 hours dark period at 23-
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25˚C. Food (a 2:1 mixture of #5001 rodent diet and #5015 mouse diet from Lab Diet of PMI 

Nutrition Int.) and water was provided ad libitum.  

2.3 Cell Culturing 

The cells (FaDu and CAL27) are stored as frozen aliquots (in liquid nitrogen) and 

processed by first labeling one 15 ml tube for each cell type and then 10 ml of the prepared media 

(DMEM/F12 + 10% Fetal Calf Serum) is added to each 15 ml tube. The frozen cell aliquots are 

quickly thawed either in a 37 ⁰C water bath or under hot running tap water and transferred under 

sterile conditions to the 15 ml tube containing media. The 15 ml tubes are centrifuged for 5 minutes 

at 1,000 rpm (160xg) in an IEC centrifuge with the swinging bucket rotor and the resulting 

supernatant is aspirated from the cell pellet. Then 10 ml of fresh media is added to the 15 ml tubes 

and the cell pellet is resuspended with a pipettor. The resuspended cells are added to standard 

polystyrene plastic culture dishes and gently agitated five times along the X-axis and five times 

along the Y-axis for even distribution. These dishes are incubated at 37 ⁰C in 5% CO2 chambers. 

Cell line growth rates are variable so cell density per culture dish was checked daily. Once the cell 

cultures approach confluence, they are harvested and split into four new dishes and the original 

dish is retained as the “mother dish”. Once split, the dishes are again incubated at 37 ⁰C in 5% CO2 

chambers. 

2.4 Total Protein Extraction and Standardization  

The four dishes per cell line are examined daily regarding their sterility and cell density. 

Once at or close to confluency, the media plus floating cells in the dishes are transferred to 50 ml 

conical tubes that are centrifuged as indicated above for five minutes at 4 ⁰C to pellet the cells.  

After rinsing with 5 ml of Phosphate-Buffered Saline (PBS), each dish received 3 ml of PBS, were 

harvested by scraping, and the four dish harvests per cell line were transferred to 15 ml tubes. Then 
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the supernatant is aspirated out of the centrifuged 50 ml tube, the pellet is resuspended with some 

of the solution from the scrape-harvested cells, and the resuspended pellet is added to the 15 ml 

tube of harvested cells. After the 15 ml tubes are centrifuged as above, the supernatant is aspirated 

and the total cell pellet volume per cell line is recorded.  The two protein extraction methods used 

are described below.  While both extraction methods yielded equivalent levels of total proteins 

from the two cell lines, it is important to note that the TE buffer method provided a more 

comprehensive total protein profile. 

RIPA Buffer Method:  Radioimmunoprecipitation assay (RIPA) buffer (20 mM Tris, 20 mM NaCl, 

2 mM ethylene diamine tetra-acetic acid [EDTA] 500 mM aminocaproic acid, 10% glycerol, 0.2% 

Triton X-100, pH 7.0) is added at 4 times the cell pellet volume and then vortexed to lyse/extract 

the cells. The 15 ml tubes are centrifuged as above and the supernatant (total cell extract) is 

transferred to 1.5 ml Eppendorf tubes. The protein concentration of each cell extract is measured 

utilizing the Modified BioRad Protein Assay kit method and enough 5x Sample Buffer (0.5 M 

dithiothreitol [DTT], 10% sodium dodecyl sulphate [SDS], 0.4 M Tris base [pH 6.8], 50% 

glycerol, 1% [v/v] bromophenol blue and 39% H2O) is added to the protein extract sample 

concentration so that each sample well of a gel can be loaded with 40 micrograms of total protein 

per 25 ul of extract volume. Then the protein extract samples are heated at 100 ⁰C for 10 minutes 

(to completely denature the proteins), mixed end over end overnight at room temperature (RT), 

and stored at -20 ⁰C. 

TE Buffer Method:  Hypotonic TE (10 mM Tris base, 1 mM EDTA, pH 7.5) buffer is added at 9 

times the cell pellet volume and both cell harvests are homogenized on ice (2×5 sec with a Tekmar 

Model TR-19 Tissuemizer at a power setting of 70), receive ¼ volume of 5× sample buffer (to 

provide a final concentration of 0.1 M DTT, 2% SDS, 80 mM Tris base, pH 6.8, 10% glycerol, 
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1% saturated bromophenol blue solution), brought to 100° C for 5 min, and finally cryostored at -

20°C.  As noted previously [131], this procedure yields groups of denatured total protein extracts 

that are matched or normalized based on cell and/or tissue mass equivalents. 

2.5 Gel Electrophoresis and Total Protein Separation/Resolution Analysis 

For SDS-polyacrylamide gel electrophoresis (PAGE), a 5-15% gradient polyacrylamide 

gel is loaded with protein standards and matched amounts of cellular total protein extracts per well. 

After electrophoresis, the gel is fixed and then stained with Coomassie Brilliant Blue solution, all 

at RT. The gels are destained and then placed in gel-drying solution at RT. Finally, the destained 

gel is sandwiched between two cellophane sheets, and air dried. 

2.6 Western Blotting (WB) 

Gels with the separated standard and cell extract proteins are electro-transferred to a 

nitrocellulose (NC) membrane. The gel is discarded and the NC membrane region with the 

standard protein lane is separated from the rest of the NC membrane. The standard lane is dried by 

compression between two paper towels while the rest of the NC membrane goes through a general 

protein-binding blocking process. A solution of PBS with 1% Tween 20 and 5% non-fat dry milk 

(PTM) is used to block non-specific protein-binding sites at RT for one hour and the blocked 

membrane is then washed 5 times in PBS plus 1% Tween 20 (PBST). Then the NC membrane is 

incubated in primary antibody overnight at 4 ⁰C. Refer to Table 2 for specific antibody information 

including dilution ratio.  After the overnight incubation, the membrane is washed five times using 

PBST and the membrane is incubated with the appropriate species-specific form of biotinylated 

secondary antibody (anti-IgG antibody: biotin). Then the membrane is washed five times and 

incubated with the Avidin-Biotin-Peroxidase Complex Reagent according to the manufacturer’s 

instructions (Vector Laboratories) for 30 minutes at RT. Finally, the membrane is washed three 
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times and incubated in diaminobenzidine (DAB) substrate solution (Sigma Fast) at RT for 15 

minutes. Finally, the specific antibody-probed membrane is washed in distilled water and dried 

between papers towels. 

 

Table 2. Antibody Information and Dilutions Used for WB and IHC Analyses. 

Antibody Manufacturer WB Dilution IHC Dilution 

A20 Santa Cruz Biotechnology, Inc. (sc-166692) 1:500 1:200 

Actin, b- Santa Cruz Biotechnology, Inc. (sc-69879) 1:500 1:200 

Cadherin, E- Santa Cruz Biotechnology, Inc. (sc-7870) 1:500 1:200 

Catenin, α-  Santa Cruz Biotechnology, Inc. (sc-7894) 1:500 1:200 

Catenin, β-  Santa Cruz Biotechnology, Inc. (sc-7199) 1:500 1:500 

p120-Catenin Santa Cruz Biotechnology, Inc. (sc-13957) 1:500 1:200 

Cortactin Santa Cruz Biotechnology, Inc. (sc-55579) 1:500 1:200 

Cytokeratin-17 Santa Cruz Biotechnology, Inc. (sc-393002) 1:500 1:200 

Ezrin Upstate Biotechnology (07-130) 1:500 1:200 

GAPDH Santa Cruz Biotechnology, Inc. (sc-20357) 1:500 1:500 

HLA-DR Santa Cruz Biotechnology, Inc. (sc-53319) 1:500 1:200 

HSP60 Santa Cruz Biotechnology, Inc. (sc-1052) 1:500 1:200 

MACC1  Protein Tech (21970-1-AP) 1:500 1:200 
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Table 2 (continued) 

Occludin Zymed Laboratories Inc. (71-1500) 1:250 1:250 

Oct-3/4 Santa Cruz Biotechnology, Inc. (sc-9081) 1:500 1:200 

PCNA Biomeda Corp. (K110) 1:500 1:200 

Rac1 BD Transduction Laboratories (BD 

Biosciences) (610650) 

1:1000 1:200 

RAR-b Santa Cruz Biotechnology, Inc. (sc-552) 1:500 1:100 

Stat5A BD Transduction Laboratories (BD 

Biosciences) (611834) 

1:250 1:100 

TLR4 Santa Cruz Biotechnology, Inc. (sc-293072) 1:500 1:200 

 

2.7 Detection of Proteins by Immunohistochemistry (IHC) in Chamber Slides 

Immunohistochemistry, IHC, detects specific antigens in cultured cells and/or tissue 

sections by antigen-antibody binding.  It can thereby analyze the intra- and extra-cellular level and 

localization of biomarkers involved in the regulation of cellular events such as proliferation, 

metastasis, or apoptosis.  

To establish the chamber slide cell cultures, each chamber is seeded with 2x104 cells.  Then, 

48 hours later, media is aspirated, and each chamber is washed twice with 0.5 mL PBS. Following 

washing, 0.5 mL of 4% (w/v) paraformaldehyde (PFA) is added per chamber and the cells are 

incubated at RT for 15 minutes to fix and adhere the cells to the slides. Once properly fixed onto 

the slides, the antigen retrieval process begins by the cell slides being exposed to 10 mM trisodium 

citrate (pH 6.0) at 95 ⁰C for 30 minutes. The slides are washed with three rinses of PBST and this 

washing procedure is repeated after all the following incubation/detection procedure steps. 
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Endogenous peroxidase quenching is done with 3% (v/v) H2O2 in MeOH at 37 ⁰C for 30 minutes. 

Another rinse follows the endogenous peroxidase quenching step and then the cells fixed to the 

slides are blocked with 10% (v/v) serum (from the same species used to raise the relevant second 

antibody) at 37 ⁰C for 20 min. Avidin/Biotin blocking solution is then used to block endogenous 

biotin, biotin receptors, and avidin binding in the cells using the SP2002 kit and instructions from 

Vector Laboratories, Burlingame, CA. The fixed cells were then incubated with a specific primary 

antibody for either 35 minutes at 37 ⁰C or overnight at 4 ⁰C. Refer to Table 2 for specific antibody 

information including dilution ratio. Next, cells were incubated with the appropriate species-

specific anti-IgG antibody: biotin conjugate (15 µg/mL). The cells were then exposed at 37 ⁰C for 

20 min to an Avidin/Biotin Complex reagent (Vecatastain® Elite ABC reagent from Vector 

Laboratories Burlingame, CA) that is diluted with PTM. Finally, the fixed cells on the slides were 

exposed to DAB substrate solution at 37 ⁰C for a maximum of 15 minutes. The slides were then 

rinsed with H2O and counterstained with Methyl Green. Finally, the slides were dried at RT 

overnight and a coverslip is applied using Permount™. Visualization and documentation of the 

IHC results were performed with a Nikon Eclipse E800 microscope fitted with a CFI Plan 

Apochromatic objective and a Nikon Digital/DSFil color camera linked to a NIS-Elements image 

analysis system.  

2.8 Hamster Cheek Pouch Xenotransplantation 

The host animals (hamsters) were anesthetized with an intraperitoneal injection of Xylazine 

at 7.5 mg per kg of host animal body weight and Ketamine at 120 mg per kg of host animal body 

weight. The cheek pouches were everted, spread using forceps, and then pinned to a filter paper 

sheet placed on a Styrofoam pad. An incision was made (approximately 2 mm) in one epithelial 

layer of the cheek pouch and the tips of forceps were used to slightly widen the incision to produce 
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a pocket between the two epithelial layers. Then the Styrofoam platform and the host animal were 

reoriented into a vertical position to prevent leakage during the subsequent cell transplantation 

procedure. Transplantation was performed into one cheek at a time with a suspension of 3 x 106 

cells in ~50 µl of sterile saline being introduced into the cheek pouch pocket of the host animal 

using a 200 µl plastic pipette tip (Fig. 1). The transplantation/incision site was then sealed with a 

liquid suturing agent (Vetbond Tissue Adhesive, 3M Animal Care Products, St. Paul, MN). 

Finally, each cheek pouch is unpinned, and guided gently back to its natural location.  

 

Figure 1. Hamster Cheek Pouch Xenotransplantation. Displayed is a key step in the transplantation 

procedure; specifically, the introduction of cells into a cheek pouch pocket. 

2.9 Post-Transplantation Assessments and Tissue Harvesting 

Transplantation sites were assessed weekly by anesthetizing the host animals as described 

above, gently everting their cheek pouches, and then photographing them to document the 

vascularization state and dimensions of any apparent viable transplant masses. Based on what 

those analyses demonstrated regarding the success and growth patterns for a given type of cell 

transplant, the transplant masses were harvested for histological processing. The host’s trunk blood 

was also harvested, and the serum separated from it was stored at -80 ºC. Transplants were 

harvested by everting the cheek pouches, spreading and pinning them to expose a resident mass, 
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and finally excising them from the host. The harvested transplants were then covered with fixative 

(4% paraformaldehyde at 7.2 pH) to stiffen the target area. After approximately 10 minutes, the 

target areas were excised. These target areas, once excised, underwent two changes of fresh 

fixative (approximately 24 hours each incubation period before the change) and then were stored 

in 70% ethanol until final histological processing (paraffin embedding and serial cross sectioning) 

for histomorphological (hematoxylin and eosin [H&E] staining) and biochemical/molecular (IHC) 

analysis. 
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Chapter 3 

Results 

 

3.1 Cell Culture Observations 

The two HNSCC cell lines utilized were CAL27 (tongue) and FaDu (Pharynx) and they 

exhibited somewhat different growth dynamics.  That is, when established and maintained in 

standard plastic culture dishes, we generally observed that the FaDu cell line proliferated more 

aggressively and thus reached confluence more quickly than the CAL27 cell line.  However, once 

at confluence (examples shown in Figs. 2 and 3), both existed as monolayers of squamous adherent 

cells.  In contrast and as noted below in Section 3.2, both cell lines displayed a different 

morphology/organization when they were cultured in the glass multi-well slides. 
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Figure 2. Cultured CAL27 Cells. Shown are images (low magnification left, higher magnification 

right) of confluent cells. 

  

Figure 3. Cultured FaDu Cells. Shown are images (low magnification left, higher magnification 

right) of confluent cells.   

3.2 Western Blot (WB) and Immunohistochemistry (IHC) Analyses of the Cultured Cells 

Initial assessment of specific protein expression was by WB analysis of total protein 

populations extracted from the FaDu and CAL27 HNSCC cell lines.  As shown in Figure 4A, the 

extraction procedure yielded equivalent levels of total proteins from the two cell lines. For the 210 

antibodies probes tested, some of the positive results generated are shown in Fig. 4B.  More 
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specifically, presented are results for those antibodies that generated positive signals at the 

approximate expected molecular weight (according to data and supporting references provided by 

the antibody supplier) for the specifically targeted antigen/protein.  Those tested/validated 

antibodies were then used for IHC analyses that assessed expression/localization of the targeted 

antigens/proteins at the individual cell and subcellular level (again, according to data and 

supporting references provided by the antibody supplier) in both cell lines.  The results of those 

analyses are shown in Fig. 5.  Regarding the overall reliability/specificity of our IHC procedure, 

Fig. 5.a. demonstrates that substitution of a species-relevant non-immune antibody for a given 

specific antigen/protein-targeted first antibody generated no brown reaction product (negative 

control).  Linked considerations of the WB (Fig. 4) and IHC (Fig. 5) results for each 

antigen/protein are presented below.   

i. A20: For this cytoplasmic regulatory protein, the WB detected somewhat darker signal 

bands (78 kDa) in the CAL27 than in the FaDu cell extract lane while IHC detected 

equivalent overall signal levels in both cell lines.  However, interpreting the precise 

localization of the IHC positive reaction signals for this and the following target 

proteins is complicated by a histomorphological aspect for both cell lines when they 

were cultured in the multi-well slides.  That is, they uniformly existed as colonies of 

cell clusters rather than as monolayers of squamous adherent cells.  Thus, while the 

IHC signal localization for A20 was non-nuclear, it is not clear if it was preferentially 

localized to the cytoplasm or the plasma membrane of the cells.  Also, the IHC signal 

pattern was somewhat more “granular” in the CAL27 cells. 

ii. β-Actin: The distinct and very equivalent strength WB signal bands (42 kDa) in both 

cell extract lanes would seem to support the use of this cytoskeletal protein as an 
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appropriate housekeeping/standardization gene product for the two cell lines.  

However, the IHC results showed variable and less intense cytoplasmic signal in the 

FaDu than in the CAL27 cells. 

iii. E-Cadherin: For this integral plasma membrane protein, WB detected equivalent levels 

of a full-length (120 kDa) and a smaller (75 kDa) isoform in both cell extract lanes.  In 

contrast, while IHC detected overall uniform signal within the FaDu cell clusters (and 

distinct plasma membrane/cell: cell localization), it detected quite variable and non-

plasma membrane-localized signals within the CAL27 cell clusters. 

iv. Catenins: Members of the catenin protein family have diverse biological roles that 

involve regulatory functions in the plasma membrane, cytoplasmic, and nuclear 

compartments [137]. For α-Catenin, WB detected full-length (100 kDa) isoform bands 

of equivalent levels in both cell extract lanes plus smaller (44 kDa) isoform bands that 

were darker in the CAL27 than the FaDu cell extract lane.  For β-Catenin, WB detected 

full-length (89 kDa) isoform bands of equivalent levels in both cell extract lanes plus 

smaller (38 kDa) isoform bands that were darker in the FaDu than the CAL27 cell 

extract lane.  For p120-Catenin, WB detected full-length (105 kDa) plus smaller (92.5 

kDa) isoform bands only in the CAL27 cell lane.  For all three catenin protein family 

members, while IHC detected equivalent overall signal levels in both cell lines, the 

signal seemed preferentially membrane/cytoplasmic in the FaDu cell clusters compared 

to “granular” and indistinctly localized in the CAL27 cell clusters. 

v. Cortactin: While WB detected a 71 kDa band for this cytoskeleton-binding protein only 

in the FaDu cell extract lane, the IHC results were similar to those noted above for the 

catenin proteins (equivalent overall signal levels in both cell lines but the signal seemed 
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preferentially membrane/cytoplasmic in the FaDu cell clusters compared to “granular” 

and indistinctly localized in the CAL27 cell clusters). 

vi. Cytokeratin 17: For this cytoskeletal protein, WB detected a 43 kDa band that was 

darker in the FaDu than the CAL27 cell extract lane while IHC generated an overall 

signal level that was equivalent within the two cell line clusters, but signal levels varied 

among individual cells in both cell line clusters.  Furthermore, while signals were 

cytoplasm and plasma membrane/cell: cell localized in FaDu cells, they were 

“granular” and indistinctly localized in the CAL27 cells. 

vii. Ezrin: For this protein that links cytoskeletal actin with integral plasma membrane 

proteins, WB detected distinct and equivalent strength signal bands (75 kDa) in both 

cell extract lanes while IHC generated an overall signal level that was somewhat 

stronger in the FaDu than the CAL27 cell clusters, but those signal levels varied among 

individual cells within both cell line clusters.  Furthermore, while signals were 

cytoplasm and plasma membrane/cell: cell localized in FaDu cells, they were 

“granular” and indistinctly localized in the CAL27 cells. 

viii. GAPDH: The distinct and equivalent strength WB signal bands (32 kDa) in both cell 

extract lanes also supports the use of this cytoskeletal protein as an appropriate 

housekeeping/standardization gene product for the two cell lines.  This is verified by 

the fact that IHC detected uniform and equivalent levels of cytoplasm-localized signals 

in both cell line clusters. 

ix. HLA-DR: For this cell surface receptor protein, WB detected doublet signal bands (32, 

31 kDa) that were somewhat darker in the CAL27 than in the FaDu cell extract lane 

while IHC generated an overall signal level that was equivalent in the two cell line 
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clusters and evenly distributed among the cells in both cell-type clusters.  However, 

while signals were cytoplasm and plasma membrane/cell: cell localized in FaDu cells, 

they were “granular” and indistinctly localized in the CAL27 cells.   

x. HSP60: For this mitochondrial chaperone protein, WB detected very dark and 

equivalent-strength signal bands (60 kDa) in the two cell extract lanes and IHC 

generated an overall signal level that was equivalent in the two cell line clusters and 

evenly distributed among the cells in both cell-type clusters.  However, while signals 

were punctate/cytoplasmically localized in FaDu cells, they were “granular” and 

indistinctly localized in the CAL27 cells. 

xi. MACC1: For this cytoplasmic and nuclear regulatory protein, WB detected a signal 

band (94 kDa) only in the CAL27 cell extract lane while IHC detected a clear 

cytoplasmic signal only in the FaDu cells. 

xii. Occludin: For this integral membrane protein, WB detected distinct and equivalent-

strength signal bands (60 kDa) in the two cell extract lanes and IHC generated plasma 

membrane/cell: cell-localized signals that were equivalent in the two cell line clusters 

but were unevenly distributed among the cells in both cell-type clusters. 

xiii. Oct-3/4: For this nuclear transcription factor protein, WB detected a signal band (31 

kDa) only in the CAL27 cell extract lane while IHC detected equivalent levels of 

“granular” cytoplasmic/membrane/cell: cell-localized signal in both cell-type clusters. 

xiv. PCNA: For this intranuclear protein, WB detected a signal band (34 kDa) that was 

much darker in the FaDu than in the CAL27 cell extract lane while IHC detected 

“granular” cytoplasmic signals that were more uniform and stronger in the FaDu than 

in the CAL27 cell clusters. 
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xv. Rac1: For this regulatory protein that shuttles between the cytoplasm and the plasma 

membrane, WB detected a distinct signal band (18 kDa) that was darker in the CAL27 

cell extract lane while IHC detected “granular” cytoplasmic signals that were darker 

and more uniform in the FaDu than in the CAL27 cell clusters. 

xvi. RARβ: For this protein member of the thyroid-steroid hormone receptor superfamily 

of nuclear transcriptional regulators, WB detected distinct and equivalent-strength 

signal bands (64 kDa) in the two cell extract lanes while IHC detected signals that were 

membrane/cytoplasm localized in the FaDu cell clusters compared to “granular” and 

indistinctly localized in the CAL27 cell clusters. 

xvii. Stat5A: For this protein that acts as a signal transducer and activator of transcription 

and thus shuttles from the cytoplasm to the nucleus, WB detected full-length (88 kDa) 

isoform bands of equivalent strength in both cell extract lanes plus smaller (41 kDa) 

isoform bands that were darker in the CAL27 than the FaDu cell extract lane.  In 

contrast, IHC detected a stronger overall signal level in the FaDu than in the CAL27 

cell clusters.  Furthermore, the signal was “branched” and uniformly localized 

intercellularly in the FaDu cell clusters compared to being scattered, “granular”, and 

indistinctly localized in the CAL27 cell clusters. 

xviii. TLR4: For this integral/trans-plasma membrane protein, WB detected distinct and 

equivalent-strength signal bands (92.5 kDa) in the two cell extract lanes while the IHC 

results matched those described above for the Stat5A protein.  
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Figure 4.A 
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Figure 4.B 

Figure 4. SDS-PAGE Coomassie and Immunoblot Analyses of Cell Extracts.  Shown are 

Coomassie-stained (panel A) and immunodetected (panel B) levels of total/specific proteins from 

the FaDu (left lanes) and CAL27 (right lanes) cell lines.  The immunodetection targets (with 

molecular weight as kilodaltons [kDa] in parentheses) include:  A20, Actin (b-), Cadherin (E-), 

Catenin (a- & b-), Cortactin, Cytokeratin-17, Ezrin, GAPDH, HLA-DR, HSP60, MACC1, 

Occludin, Oct-3/4, PCNA, p120-Catenin, Rac1, RAR-b, State5A, and TLR4.   
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Table 3. Immunoblotting by Western Blot Analysis. Details about Western blot analyses 

regarding FaDu and CAL27 cell lines. 

Protein Exp. kDa Obs. kDa Blotting Pattern 

A20 (sc-166692) 90 78 Positive: Band in all, but 
darker in CAL27. 

Actin, b- (sc-69879) 43 42 Positive: Band in all. 
Cadherin, E- (sc-7870) 132, 120, 80 120, 75 Positive: Bands in all. 

Catenin, α- (sc-7894)  120 100, 44 Positive: Bands in all, 
but darker in CAL27. 

Catenin, β- (sc-7199)  92 89, 38 Positive: Bands in all for 
89 & 38, but darker in 
FaDu for 38. 

p120-Catenin (sc-13957) 120 105, 92.5 Positive: Band in 
CAL27. 

Cortactin (sc-55579) 80 71 Positive: Band in FaDu. 

Cytokeratin-17 (sc-393002) 46 43 Positive: Band in all, but 
darker in FaDu. 

Ezrin (UBI)  81 75 Positive: Band in all. 

GAPDH (sc-20357) 37 32 Positive: Band in all. 
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Table 3 (continued) 

HLA-DR (sc-53319)   36, 27 32, 31 Positive: Band in all, but 
darker in CAL27. 

HSP60 (sc-1052) 60 60 Positive: Band in all. 

MACC1 (PT)  97 94 Positive: Band in 
CAL27. 

Occludin (Zymed)  65 60 Positive: Band in all. 

Oct-3/4 (sc-9081) 43-50, 33 31 Positive: Bands in 
CAL27. 

PCNA (Biomeda)  36 34 Positive: Bands in all, 
but darker in FaDu. 

Rac1 (BDTL)  21 18 Positive: Band in all, but 
darker in CAL27. 

RAR-b (sc-552) 51 64 Positive: Band in all. 
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Table 3 (continued) 

Stat5A (BDTL)  92 88, 41 Positive: Bands in all, but 
darker band (41) in CAL27, 
and band (88) in all. 

TLR4 (sc-293072) 95, 120 92.5 Positive: Band in all. 
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Figure 5.a. Negative Control (FaDu on top and CAL27 on bottom) 
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Figure 5.b. A20 (FaDu on top and CAL27 on bottom) 
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Figure 5.c. Actin, b- (FaDu on top and CAL27 on bottom) 
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Figure 5. d. Cadherin, E- (FaDu on top and CAL27 on bottom) 



37 
 

  
 

  
 
Figure 5. e. Catenin, a- (FaDu on top and CAL27 on bottom) 
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Figure 5. f. Catenin, b- (FaDu on top and CAL27 on bottom) 
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Figure 5. g. Cortactin (FaDu on top and CAL27 on bottom) 
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Figure 5. h. Cytokeratin-17 (FaDu on top and CAL27 on bottom) 
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Figure 5. i. Ezrin (FaDu on top and CAL27 on bottom) 
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Figure 5.j. GAPDH (sc-20357) (FaDu on top and CAL27 on bottom) 
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Figure 5. k. HLA-DR (FaDu on top and CAL27 on bottom) 
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Figure 5. l. HSP60 (FaDu on top and CAL27 on bottom) 
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Figure 5. m. MACC1 (FaDu on top and CAL27 on bottom) 
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Figure 5. n. Occludin (FaDu on top and CAL27 on bottom)
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Figure 5. o. Oct-3/4 (FaDu on top and CAL27 on bottom) 
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Figure 5. p. p120-Catenin (FaDu on top and CAL27 on bottom) 
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Figure 5. q. PCNA (FaDu on top and CAL27 on bottom) 
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Figure 5. r. Rac1 (FaDu on top and CAL27 on bottom) 
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Figure 5. s. RAR-b (FaDu on top and CAL27 on bottom) 
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Figure 5. t. Stat5a (FaDu on top and CAL27 on bottom) 
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Figure 5. u. TLR4 (FaDu on top and CAL27 on bottom) 
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Figure 5. IHC Analyses of Cultured FaDu and Cal27 cells.  Shown are immunostaining results for 

the indicated antigen/protein targets in the FaDu (top panels) and CAL27 (bottom panels) cells.  

Scale bars for these and all the following micrographs (Figs. 9-24) represent 100 µm. 

Table 4. Immunohistochemistry Analyses. Details about immunohistochemical analyses 

regarding FaDu and CAL27 cell lines. 

Protein Staining Pattern 
A20 (sc-166692) Somewhat variable and “granular” cytoplasmic/membrane 

signal in both cell line clusters. 

Actin, B- (sc-69879) For both lines, cells were clumped and very disperse/sparse in 
all the wells. Pretty distinct cytoplasmic signal for both cell 
lines (a bit darker in the CAL27 than the FaDu cells) but hard 
to further interpret because of the cell clumping. 

Cadherin, E- (sc-7870) Variable/patchy cytoplasmic signal in CAL27 cell clusters. 
Uniform apparent membrane signal in FaDu cell clusters. 

Catenin, α- (sc-7894)  
 

Somewhat variable and “granular” cytoplasmic/membrane 
signal in both cell line clusters. 

Catenin, β- (sc-7199)  Uniform “granular” cytoplasmic/membrane signal in both cell 
line clusters. 

p120-Catenin (sc-13957) Uniform “granular” cytoplasmic/membrane signal in CAL27 
cell line clusters. 
Uniform “non-granular” cytoplasmic/membrane signal in 
FaDu cell line clusters. 

Cortactin (sc-55579) Dark and uniform “granular” cytoplasmic/membrane signal in 
both cell line clusters. 

Cytokeratin-17 (sc-393002) Somewhat variable and “granular” cytoplasmic/membrane 
signal in both cell line clusters. 

Ezrin (UBI)  Somewhat variable and “granular” cytoplasmic/membrane 
signal in both cell line clusters. 
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Table 4 (continued) 

GAPDH (sc-20357) For both lines, cells were clumped and very disperse/sparse in 
all the wells. 
Distinct cytoplasmic signal in both cell lines but hard to further 
interpret because of the cell clumping. 

HLA-DR (sc-53319)   Moderate cytoplasmic/membrane signal that was “granular” in 
the CAL27 but not the FaDu cell line clusters. 

HSP60 (sc-1052) Uniform “granular” cytoplasmic/membrane signal in CAL27 
cell line clusters. 
Variable punctate/cytoplasmic signal among cells in the FaDu 
cell line clusters. 

MACC1 (PT)  Somewhat variable and “granular” cytoplasmic/membrane 
signal in both cell line clusters (overall maybe lighter in the 
CAL27 than the FaDu cells). 

Occludin (Zymed)  Variable membrane signal in both cell line clusters. 

Oct-3/4 (sc-9081) Uniform “granular” cytoplasmic/membrane signal in both cell 
line clusters. 

PCNA (Biomeda)  Cytoplasmic/membrane signal that was: 
Variable among cells in the CAL27 cell line clusters. 
Uniform and darker among cells in the FaDu cell line clusters. 
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Table 4 (continued) 

Rac1 (BDTL)  Maybe cytoplasmic and nuclear signal that was: 
Variable among cells in the CAL27 cell line clusters. 
Uniform among cells in the FaDu cell line clusters. 

RAR-b (sc-552) Sort of “granular” signal in CAL27. 
Distinct and uniform cytoplasmic/membrane signal in FaDu. 

Stat5A (BDTL)  Cytoplasmic/membrane signal that was: 
Variable among cells in the CAL27 cell line clusters. 
Uniform and darker among cells in the FaDu cell line clusters. 

TLR4 (sc-293072) Cytoplasmic/membrane signal that was: 
Variable among cells in the CAL27 cell line clusters. 
Uniform and darker (plus “granular”) among cells in the FaDu 
cell line clusters. 
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Xenotransplantation and Histomorphology 

  
Figure 6.a.1 Figure 6.a.2 

  

Figure 6.b.1 Figure 6.b.2 

 

Figure 6.  Pre-Harvest Assessment of Cell Transplant Masses. 

Shown are two everted and pinned-out cheek pouches that each harbor a tissue mass (3R, 

representing the animal host labeled the number 3 and R representing the right cheek pouch, upper 

panels; 4R, representing the animal host labeled 4 and R representing the right cheek pouch, lower 

panels) generated from the transplantation (~2-months earlier) of 3x106 FaDu cells.  They were 

photographed using both reflected (left panels) and transmitted (right panels) light. 
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Figure 7.a.1 Figure 7.a.2 

  

Figure 7.b.1 Figure 7.b.2 

 

Figure 7.  Post-Harvest/Fixation Assessment of Cell Transplant Masses. 

Shown are the cell transplant masses displayed in Fig. 7 after they were harvested, 

paraformaldehyde-fixed, and trimmed (3R upper panels; 4R lower panels).  Again, they were 

photographed using both reflected (left panels) and transmitted (right panels) light. 

3.3 Cell Transplant Masses 

The initial trial run utilized four host animals that were each transplanted with 3 x 106 of 

both CAL 27 cells (into the left cheek pouch) and FaDu cells (into the right cheek pouch).  When 
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inspected at 3-days and 1-week post-transplantation (PT), evidence of viable transplant masses 

was observed in all eight cheek pouches.  Thereafter, we observed more pronounced regression, 

or a reduction of the overall mass size, of the CAL 27 cell than the FaDu cell transplant masses.  

Thus, by the chosen harvest time point (~2-months PT) there were only two viable transplant 

masses that were both derived from FaDu cells (designated 3R and 4R).  The gross morphology 

and dimensions plus the well-vascularized status of those masses at that time point in their cheek-

pouch transplant sites are displayed in Fig. 6.   

The final harvested and pre-histology processed specimens for both masses are displayed 

in Fig. 7.  The analogy we use for such specimens is that they are akin to “raviolis” with the outer 

“shell” layers being the hamster cheek pouch tissue membranes and the “filling” being the cell 

xenotransplant mass.  Next, the histology lab transversely divided up each mass (into three portions 

for the smaller 3R mass and into five portions for the larger 4R mass), embedded them in paraffin 

blocks, and generated serial cross-sections from those embedded tissue portions.  An example of 

one of those sections following application to a glass microscope slide and standard H&E staining 

is shown in Fig. 8.  The histomorphology for one of the 3R and 4R mass portions on that slide are 

shown in Figs. 9 and Fig. 10, respectively.  Our collaborators and their pathology team at the 

Kansas University Cancer Center reviewed those histology slides and provided the following 

observations: 

• Islands of tumor surrounded by skeletal muscle and squamous mucosa (cheek pouch 

elements) with a central necrotic core. 

• There is a rim of viable malignant cells with lymphoplasmacytic infiltrates (lymphocytes 

and plasma cells with a few macrophages/neutrophils) around the malignant cells. 

To further assess the inflammatory infiltration phenomenon described for the above second 
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bullet point, they recommended that we conduct IHC analyses that targets the following 

biomarkers:  CD8 for T lymphocytes; CD68 for macrophages; and CD138 (SDC1/syndecan-1) for 

plasma cells (also known as antibody-producing B lymphocytes).  For the CD8- and CD68-

targeting antibodies we tested, they both generated signals that were primarily isolated to the 

central necrotic areas of both the 3R (Figs. 11 and 13) and 4R (Figs.12 and 14) transplant masses.  

In contrast, the CD138 antibody we tested generated:  1) Somewhat patchy cytoplasmic signals in 

basal squamous cells of the cheek pouch external surface; and 2) Signals in central necrotic areas 

and in the cytoplasm/plasma membrane of possible stromal cells in the periphery of the necrotic 

areas of both the 3R (Fig. 15) and 4R (Fig.16) transplant masses.  Thus, these initial assessments 

do not provide clear evidence for the identity of putative infiltrating immune/inflammatory cells. 

We next conducted IHC analyses of the transplant mass sections with some of the 

antibodies used for the WB and IHC analyses previously applied to both cell lines and described 

in section 3.2 above.  For those that did generate distinct signal patterns (detailed below), we 

observed that they all also generated:  1) Somewhat patchy cytoplasmic signals in the basal 

squamous cells of the cheek pouch external surface membrane; and 2) Scattered/punctate signals 

in the central necrotic areas of both tumor masses (Figs. 17-24).  Following are the distinct signal 

patterns we detected. 

• For the α-Catenin family member (Figs. 17 and 18), we detected light cytoplasmic signals 

in some cells peripheral to the central necrotic areas and they were darker in the 3R than 

the 4R mass.  In contrast, for the β-Catenin family member (Figs. 19 and 20), we detected 

distinct membrane/cytoplasmic signals in some cells peripheral to the central necrotic areas 

only in the 4R mass.   

• For HSP60, we detected granular extranuclear signals in some transplant cell areas only of 
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the 4R mass (Figs. 21 and 22). 

• For Rac1, we detected strong membrane/cytoplasmic signals in transplant cell areas of both 

the 3R and 4R masses (Figs. 23 and 24). 
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Figure 8.  Histology Processing of the Cell Transplant Masses. 

Shown are H&E-stained sections that were cut from portions of the 3R (upper three tissue sections) 

and the 4R (lower five tissue sections) cell transplant masses. 
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Figure 9.  Histomorphology of a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 10.  Histomorphology of a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 11.  IHC for CD8 in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 12.  IHC for CD8 in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 13.  IHC for CD68 in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 14.  IHC for CD68 in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 15.  IHC for CD138 in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 16.  IHC for CD138 in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 17.  IHC for α-Catenin in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 18.  IHC for α-Catenin in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 19.  IHC for β-Catenin in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 20.  IHC for β-Catenin in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 21.  IHC for HSP60 in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 22.  IHC for HSP60 in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 23.  IHC for Rac1 in a 3R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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Figure 24.  IHC for Rac1 in a 4R transplant mass portion at low (upper panel) and high (lower 

panel) magnification. 
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CHAPTER 4 

Discussion 

 

It was noted above in the Results sections 3.1 and 3.2 that both HNSCC cell lines exhibited 

differing morphology/organization when cultured in plastic dishes (monolayers of squamous 

adherent cells) compared to glass multi-well slides (colonies of cell clusters).  In our continuing 

follow-up studies with both cell lines, modifications of the cell harvesting/processing and seeding 

procedures using the multi-chamber slides still always generate colonies of cell clusters rather than 

monolayers of adherent cells (data not shown).  In contrast, for a parallel ongoing project (Stem 

Cell Presence/Function In Ovarian Cancer Using A Xenotransplantation System), the same 

procedures applied to ten types of other epithelial cancer cell lines (one breast cancer, one murine 

ovarian cancer, and eight human ovarian cancer) always generate monolayers of adherent cells on 

both plastic dishes and the multi-chamber glass slides (data not shown).  The obvious conclusion 

is that, in an inherent and perhaps somewhat unique fashion, both HNSCC cell lines respond 

differently in culture to contact with a plastic vs. a glass substrate.  However, as noted in the Results 

section 3.2 and discussed below, that unexpected difference complicates the linked considerations 

of findings for Specific Aims 1 and 2. 

Another important caveat for those two Specific Aims is that they both depend on the use 

of antibodies that reliably recognize specific targets (antigens/proteins) within the context of two 

different sample processing/analysis (WB and IHC) conditions.  Unfortunately, the concerns about 

that caveat are now quite intense due to accumulating evidence that the stated specificity of both 

monoclonal and polyclonal antibodies, especially those from commercial sources, is often not 

valid [138, 139].  Indeed, such problems may partly explain our surprising and disappointing 
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findings that, although the WB analyses did detect both similarities and differences in the 

expression of some biomarker proteins between the two cell lines (as expected), less than 10% of 

the antibodies we initially tested by those WB analyses yielded positive/expected (from literature) 

results.  Furthermore, in terms of the relative overall expression levels of target antigens/proteins 

measured between the two cell lines according to both analysis protocols (WB and IHC), close 

matches were found only for GAPDH, HSP60, Occludin, PCNA, and RARβ while opposite 

relative overall expression levels were found for MACC1 and Rac1.   

Additional considerations about the specificity/validity of target antigen/protein expression levels 

and localization at the individual cell and subcellular level according to IHC analysis results 

include the following:   

1) An indistinct “granular” signal pattern that was more prevalent in CAL27 than FaDu cells 

for most targets (A20, all three Catenins, Cortactin, Cytokeratin 17, Ezrin, HLA-DR, HSP60, 

RARβ, Stat5A, TLR4) compared to being more prevalent in FaDu than CAL27 cells for only two 

targets (PCNA, Rac1). 

2) For one or both cell lines, lack of the expected plasma membrane localization for several 

targets (E-Cadherin, Ezrin, HLA-DR, and TLR4).  The “granular” signal pattern described above 

is likely linked to this phenomenon. 

3) For both cell lines, lack of the expected nuclear localization for several targets (Oct-3/4, 

PCNA, and RARβ). 

We will continue to investigate the extent of and explanation for the immunodetection 

limitations and anomalies described above.  Clearly, answering those questions is very important 

to the testing and potential future use of our xenotransplantation system for any type of human 

cancer. 
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For Specific Aim 3, our trial run demonstrated that the hamster cheek pouch can 

accept/support the xenotransplantation of human HNSCC cells.  The fact that only the FaDu cell 

line generated long-term transplants is consistent with the cell culture growth observations and 

indicates that the FaDu cells are more aggressive than the CAL27 cells under both in-vitro and in-

vivo conditions.  Clearly, additional cell xenotransplantation runs are needed to confirm this 

observation.   

When our collaborators assessed the histomorphology of the transplant masses, they noted 

an item that is not inherent to the donor tumor cells.  I refer to their observation of infiltrating 

immune/inflammatory cells among the tumor cell masses.  That prompts consideration here of 

another set of relevant biomarker proteins involved in identifying possible infiltration. 

In cytotoxic T cells, CD8 allows for antigen recognition but its positive or negative prognostic 

value for HNSCC in HPV positive patients is uncertain [140].  Regarding CD68, while one study 

reported a HPV-influenced negative prognostic link with high infiltration by CD68+ macrophages 

[141], another systematic and meta-analysis did not [142].  For both of those biomarkers, we 

detected signals primarily in necrotic areas of both masses rather than associated with individual 

cells that may be infiltrating T cells or macrophages. 

While our collaborators recommended CD138, also known as syndecan-1, as a specific 

biomarker for plasma cells, some studies describe its expression in HNSCC tumor cells where it 

plays a role in cell proliferation, cell migration, and cell: matrix interactions.  For instance, one 

study reported that increased syndecan-1 expression, particularly stromal expression, may 

contribute to tumor cell invasion and the development of metastases in HNSCC [143].  Similarly, 

other studies reported that:  1) CD138 expression is more frequently associated with advanced 

clinical stages and worse 5-year survival rates and thus may serve as a late stage progress indicator 
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for HNSCC [144]; and 2) Stromal CD138 positivity may be a significant recurrence factor and a 

reliable indicator of adverse prognosis in HNSCC, particularly oral carcinomas [145].  Note that 

the latter point seems relevant to the possible stromal cell signal pattern we observed for CD138 

in the transplant masses.  However, a large case study report indicated that CD138 expression may 

be inversely correlated with histologic grade of the carcinoma but the report also stated that such 

a correlation should be interpreted with caution because many studies within the report 

demonstrated varying staining results depending on the manufacturer of the antibody used [146] 

which is clearly relevant to the caveat discussed above.  Lastly, it must be noted that while the 

antibodies used were reportedly validated for specific recognition of their antigen targets in human 

cells, their reactivity with the same targets in hamster cells is not known/reported.  Therefore, the 

role of a putative immune/inflammatory cell infiltration phenomenon in our xenotransplantation 

system remains unresolved. 

Finally, we conducted IHC analyses of the transplant masses with some of the antibodies 

that generated strong and appropriate signals from WB and IHC analyses applied to the cultured 

donor FaDu cells.  Interestingly, for those that generated distinct and appropriately localized 

signals (α and β-Catenin, HSP60, Rac1), we did observe some differences in signal presence 

between the two transplant masses.  This observation does suggest a degree of inherent variability 

among individual cheek pouch sites for a given donor cell/tissue sample. 
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CHAPTER 5 

Summary and Conclusions 

 

Through immunoblot analysis (western blots) and immunohistochemistry (chamber 

slides), we have established a set of cancer marker proteins that are expressed within FaDu and 

CAL27 cell lines of HNSCC.  While establishing cultures of the cell lines in standard plastic 

dishes, the FaDu cell line exhibited more aggressive growth kinetics than the CAL27 cell line. 

Following optimization of protocols for extraction of total proteins from both cell lines were 

established. These extraction protocols allowed WB processes, and, as expected, WB analysis of 

those extracts did detect both similarities and differences in the expression of some biomarker 

proteins between the two cell lines.  However, most unexpectedly, less than 10% of the antibodies 

we initially tested by those WB analyses yielded positive/expected results. 

Additionally, we have adapted the HNSCC into the utilization of chamber well slides for 

immunoblot analysis within the lab. For the antibodies that did yield positive/expected WB 

analysis results, their use for IHC analyses of the cells cultured on glass multi-chamber slides 

yielded another set of unexpected results regarding the levels and localization of target biomarker 

signals in both cell lines. Such an anomaly is likely since, in an inherent and perhaps somewhat 

unique fashion, both HNSCC cell lines respond differently in culture to contact with a plastic vs. 

a glass substrate. The anomalies described for our proteomic assessments by both WB and IHC 

analyses are likely to be most directly responsible for our failure to identify key CSC biomarkers 

in both cultured cell lines and in the transplant, masses generated from the FaDu cell line. 

 For the utilization of hamster cheek pouch xenotransplantation system, we did demonstrate 

that the hamster cheek pouch can accept/support the xenotransplantation of human HNSCC cells 
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(particularly the FaDu cell line).  Consistent with the in-vitro observations noted in above, the 

FaDu cells also performed more aggressively than the CAL27 cells under the in-vivo 

xenotransplantation conditions. CAL27 had a decent growth rate but harvesting of the tumor mass 

could have been done earlier as the growth seems to dwindle quick rapids. Thus, this outcome 

provides proof that hamster cheek pouch xenotransplantation can accept cell lines from HNSCC, 

and this process may be a good tool for tumor mass analysis to improve clinical diagnosis, 

prognosis, and treatment of HSNCC. 

Through processing from a histology lab, tissue slides were produced. These slides were 

analyzed through an IHC process to examine possible lymphocytes, macrophages, and plasma cell 

infiltration and further proteomic assessment regarding proteins examined in prior western blot 

and chamber slide IHC assessments. Varying studies have produced varied results regarding the 

prognostic value of lymphocyte, macrophage, and plasma cell infiltration of HNSCC, and we 

could not resolve the role of the putative immune/inflammatory cell infiltration phenomenon noted 

by our collaborators when they reviewed the histology of our xenotransplant masses. Additional 

IHC analyses of the xenotransplant masses did suggest a degree of inherent variability among 

individual cheek pouch sites for a given donor cell/tissue sample.  

Proteomic assessment on tissue slides of prior validated proteins resulted in positive results, 

which implies western blot, IHC on cells in chamber slides, and IHC on tissue slides to all carry 

over and express in subcellular, cellular, and tissue level. Further, proteomic assessments of prior 

proteins used in western blot and IHC of chamber slides from this study may be done on these 

tissue slides to further validate the carry over.
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CHAPTER 6 

Future Directions 

 

The analysis of specific cancer marker proteins demonstrates the specific expression of 

HNSCC cell lines as a multitude of marker proteins were probed for, but only specific proteins 

provided appropriate signaling. Further investigation into additional cancer marker proteins 

would be appropriate (particularly cancer stem cell biomarker proteins) and continuing to utilize 

immunoblot and immunohistochemistry analysis to characterize gene expression dynamics in 

successfully established/growing xenotransplant masses would be appropriate as the hamster 

cheek pouch xenotransplantation system allows for masses to be grown and harvested. Overall, 

seeking improved algorithms and databases regarding the specificity and applicability of 

available antibodies for WB and IHC analyses is another future aim. This would add to further 

understanding of HNSCC and how well western blot and immunohistochemistry analysis of cell 

culture would relate to western blot and immunohistochemistry analysis of tissue cultures.  

Following, defining the extent and mechanism of differing in vitro growth characteristics 

of cell lines on plastic vs. glass substrates. This is present within the project as the two HNSCC 

cell lines demonstrated differing growth characteristics when subjected to different growing 

substrates. A follow-up study may be conducted to compare the two HNSCC, and possibly other 

HNSCC cell lines to each other.  

Furthermore, performing the xenotransplantation process with patient tumor tissue 

samples and assessing their viability, histopathology, and proteomic status, as the cells were used 

for the initial xenotransplantation process in this study and a follow-up study regarding tissue 

xenotransplantation from a human donor would be appropriate. Additionally, a look into the age 
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factor of the hamster host animals within the hamster cheek pouch xenotransplantation system 

regarding the effect it has on tumor growth of HNSCC may be an interest in order to improve on 

the system to possible elicit larger tumor masses within dwindling masses. A further analysis of 

lymphocyte, macrophage, and plasma cell infiltration in these two HNSCC cell lines may aid in 

determining the prognostic value of lymphocyte, macrophage, and plasma cell infiltration. 
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