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ABSTRACT 

Head and Neck Squamous Cell Carcinoma (HNSCC) ranks sixth among the major causes of 

fatalities worldwide. With greater than 600,000 incidences reported annually, cancer scientists 

need to devise more effective therapeutic and diagnostic approaches to improve the life quality of 

HNSCC patients. Despite advancements in the field of medical science resulting in multimodal 

therapeutic strategies, the overall survival (OS) of HNSCC patients remains less than 50%. This 

is mainly due to chemotherapeutic resistance and a scarcity of clinically prognostic pre-clinical 

experimental models to reflect the pathobiology of head and neck tumors. Patient-Derived 

Xenografts (PDXs) are potential pre-clinical model systems for oncological research. PDXs are 

postulated to more closely mimic human tumor tissues compared to cultured cell lines in terms of 

histopathology, morphology, drug-resistance and/or chemosensitivity, recurrence, progression, 

and metastasis. We proposed to exploit the xenotransplantation strategy for HNSCC by developing 

and using three-dimensional culture systems (from two different HNSCC cell lines, CAL-27 and 

FaDu) to generate spheroid/organoid (S/O) cell populations. We characterized those donor cell 

populations at the proteomic level by Western blot and immunohistochemical analyses and then 

we generated and histologically assessed CAL-27 and FaDu cell S/O transplants in the hamster 

cheek pouch. 
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CHAPTER 1: 

1. INTRODUCTION: 

Head and Neck Squamous Cell Carcinoma (HNSCC) is one of the most prominent types of cancer. 

Head and neck squamous cell carcinoma is a comprehensive term encompassing squamous 

epithelial malignancies originating from the stratified squamous epithelium lining the upper 

aerodigestive tract including the oral cavity, nasal, paranasal sinuses, pharynx, larynx, and 

esophagus (1).  

1.1.Epidemiology:  

HNSCC is a very prevalent malignancy with a global incidence of more than 600,000 cases and 

over 380,000 fatalities per year (2). HNSCC accounts for 3% of all cancers in the United States 

with 63,000 cases and 13,000 cancer-associated deaths reported annually (3).  

1.2. Etiology: 

HNSCC is a multifactorial disease linked to various chemical, biological, and physical agents as 

major carcinogens. Tobacco and alcohol consumption are considered the major chemical 

carcinogens since tobacco contains Tobacco-Specific Nitrosamines (TSNA) and Poly-Aromatic 

Hydrocarbons (PAHs) that can induce mutations and cause DNA damage that results in the 

activation of oncogenes and inactivation of tumor suppressor genes (4). Alcohol misuse results in 

the leaching of carcinogens such as urethane, nitrosamines, etc. into the oral mucosal lining via 

altered mucosal permeability. That promotes carcinogenesis by triggering the synthesis of free 

radicals and the production of DNA adducts. In addition to chemical carcinogens, Human 

Papilloma Virus (HPV) is also linked to HNSCC pathogenesis because it specifically targets the 

oral cavity, larynx, and oropharynx (tonsils and base of tongue), resulting in degradation and 

inactivation of tumor suppressor Tp53 and Retinoblastoma (Rb) genes. This results in the cellular 
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ability to escape cell cycle check points, evade apoptosis and DNA damage repair, and thus 

undergo uncontrolled cell cycling that drives tumor progression (5). Genetic abnormalities 

(mutations) and exposure to environmental toxins are other contributing factors to the 

pathobiology of HNSCC.  

1.3.Diagnosis / Screening 

HNSCC is usually diagnosed by obtaining a biopsy sample of a suspected tumor mass that then 

undergoes histopathological analysis using hematoxylin and eosin-staining to characterize its 

morphology. According to such an analysis, an abnormally differentiated tumor morphology is 

characterized by pleomorphic nuclei and abnormal mitoses (6). 

Histopathological analysis is further conducted by evaluating tumor staging via direct examination 

of the oral cavity.  For that, fiber-optic nasopharyngolaryngoscopy, cross-sectional Computed 

Tomography (CT-Scan), and Magnetic Resonance Imaging (MRI) is used for patients with loco-

regional advanced disease whereas Positron Emission Tomography (PET-Scan) is the preferred 

method to determine distant metastasis in patients with solid tumors (6). 

1.4.Prevention: 

Prevention includes limiting the exposure to known potent carcinogens (tobacco, alcohol) by 

amending lifestyle and behaviors. Moreover, early detection of disease before the onset of clinical 

symptoms and HPV vaccination are important secondary preventative measures for HNSCC (6). 

1.5. Treatment Modalities:  

Standard treatment approaches include surgery, radiation, and chemotherapy (either alone or 

in combination) based on the stage, anatomical subsite, disease characteristics, and metastatic 

status of the tumor (7). Despite advances in the field of medical science, the overall survival 

(OS) of HNSCC patients remains less than 50% and their quality of life is severely impacted 
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(8). Conventional chemotherapeutic agents fail to provide acceptable Progression-Free 

Survival (PFS) or Disease-Free Survival (DFS) results. Such limited therapeutic responses are 

due to the fact that chemotherapeutic agents often are unable to differentiate between normal 

healthy cells and cancerous cells. Diagnosis at advanced stages, poor prognosis, and 

chemotherapeutic resistance combine to make HNSCC treatment a troublesome and 

challenging task (9). Therefore, it is essential to enhance the specificity and potency of drugs 

so as to overcome the development of resistance to them and thereby improve the prognosis of 

HNSCC.  Furthermore, clinically prognostic pre-clinical experimental models to accurately 

reflect the pathobiology of head and neck tumors are needed to improve the understanding of 

HNSCC and develop new therapeutic approaches (10). 

1.6.Pre-clinical Models: 

Over quite a few decades, anticancer drug discovery has ranged from cytotoxic agents with severe 

side effects on healthy cells to more specific targeted therapeutic agents that include small-

molecule kinase inhibitors with minimal side effects (11). Despite diligent efforts in drug 

discovery, the majority of compounds with anticancer activity in laboratory models fail in clinical 

trials and very few (approximately 5%) progress to clinical usage. A possible explanation is that 

cancer is a heterogenous disease characterized by distinct cellular, molecular, and genetic 

differences. To understand how tumor cells manipulate normal cells in the tumor 

microenvironment as well as in other regions of the body to promote their primary growth and/or 

to develop metastatic potential, in vitro and in vivo pre-clinical models are used. Cell lines are the 

most dominantly used preclinical model to preliminarily represent a disease and to screen 

anticancer drugs in vitro so as to determine their cytotoxic and anti-proliferative potential (10). 

The benefits of using cell lines include their homogeneity, low cost, and circumvention of legal 
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and ethical concerns (10).  However, conventional cell cultures do not recapitulate all the vital 

cellular interactions and organization that occur in vivo. For instance, they lack key 

histopathological and molecular phenotype aspects of tumors and thus make them poor predictors 

of the efficacy of a clinical treatment approach (12). To advance therapeutic regimens for HNSCC, 

generating in vitro three-dimensional (3D) cultured cells, called Spheroids or Organoids (S/O), 

from conventional two-dimensional (2D) culture systems may provide useful platforms.  The 

rationale being that such 3D cultured cell entities better retain the original architecture and 

morphology of primary tumors (12). They could thus provide a new framework to study tumor 

biology and simultaneously open new doors to determine patient-specific therapeutic approaches.     

1.7.Animal models: 

Patient-derived xenografts (PDX) provide:  1) A pre-clinical model system to predict the efficacy 

of cancer therapeutics; and 2) Links to personalized medicine with robust clinical correlations 

(10). PDXs are generated by transplanting human cancer cells or tissues into an animal host that 

is then observed for biological processes involved in human diseases including tumorigenesis, 

metastasis, angiogenesis, drug response, etc. (10). More specifically, xenotransplantation of 

human cancer cells or tissues into animal hosts enables researchers to closely mimic the human 

in-vivo environments present in a patient’s tumor. 

Our current research strategy primarily focuses on generating and validating a patient “avatar” 

system based on such a PDX approach.  Importantly, PDXs are postulated to more closely mimic 

human tumor tissues compared to cultured cell lines at many levels including their histopathology, 

cellular morphology, drug-resistance and/or chemosensitivity, recurrence, progression, and 

metastasis (13). We intend to use the hamster cheek pouch as a distinctive host transplantation site 
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that will accept and sustain the development and growth of both normal as well as malignant cells, 

tissues, and organs from various donor species including humans (14-16).  

1.8.Proteomic Analysis: 

Proteomics refers to the expression profile of all proteins in an organism over time. Proteomic 

analyses can successfully define the proteins involved in various cellular and physiological 

processes including those that drive carcinogenesis. The proteins that were targeted in this study 

are briefly described below:  

i. Active β-Catenin: Also known as non-phosphorylated β-catenin, is a 92-kDa protein that 

facilitates cell adhesion by interacting with cell membrane cadherin proteins and plays an 

effector role in Wnt signaling pathway dysregulation that is associated with initiation and 

progression of different human malignancies (17). During Wnt signaling, β-catenin 

translocates to the nucleus and binds to the T-cell Transcription Factor (TCF) so as to 

regulate gene expression of the Wnt signaling pathway such as Cyclin D1, VEGF, etc. 

Transcriptional activation requires dephosphorylation of b-Catenein that is mediated by the 

action of specific phosphatases (17,18). Several lines of evidence suggest that the 

Phosphotidyl Inositol Kinase 3 (PI3K) pathway is associated with activation and regulation 

of active β-catenin in cells (17). 

ii. Aldehyde Dehydrogenase 1/2 (ALDH1/2): ALDH is a cellular detoxifying enzyme 

required for the oxidation of aldehydes to non-toxic carboxylic acids in cells (19,20). 

Besides detoxification, ALDH plays an important role in cell proliferation and survival 

(21). Studies suggest that ALDH accounts for non-small cell lung cancers and is involved 

in tumor therapeutic resistance and induces alterations in the Notch cell signaling pathway 

(22,23). Altered ALDH expression is linked to HNSCC Cancer Stem Cells (CSCs) and 
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mutations in different forms of ALDH are correlated with different cancers including 

HNSCC and with impaired metabolism of aldehydes into components that result in 

accumulation of toxic products and increased oxidative stress (23-25) 

iii. AMPK: AMP Activated Protein Kinase, a kinase complex, is a modulator of eukaryotic 

cellular metabolism and is stimulated upon energy stress characterized by reduced ATP 

production and increased AMP levels in cells due to hypoxic conditions (26). Knockout 

mouse models suggest dysfunctioning or absence of AMPK results in several metabolic 

disorders such as cardiovascular diseases, diabetes, and cancer (26). 

iv. BCL-XL: B Cell lymphoma extra-large protein is a well-known apoptotic inhibitor and 

thus is implicated in a number of human carcinomas. Augmented BCL-XL is directly 

proportional to chemotherapeutic resistance leading to poor prognosis and survival (27) 

v. CD44: CD44 is a cell surface glyco-protein receptor and is expressed as a CSC marker in 

a wide variety of human cancers including HNSCC (28,29). CD44 is essential for cell 

migration by binding to cytoplasmic actin and CD62 on endothelial cells.  Migrating cells 

move along the endothelial cells and thus induce extravasation and facilitate tumor 

progression (29). 

vi. CD133: CD133 is a transmembrane glycoprotein well known as a CSC marker (30) 

involved in metastasis and tumor progression by inducing drug resistance.  CD133 is linked 

to the WNT signaling pathway that, in turn, promotes cell growth.  Increased expression is 

often associated with HNSCC and other cancers and is inversely related to survival of 

patients with HNSCC (31). Mutations in the Wnt-signaling network result in dysfunction 

of down-stream components such as β-catenin, etc., and overexpression of CD133 thus 

promotes cancer (32). 
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vii. Clusterin-α: Clusterin-α is a glycoprotein that was initially identified in ram rete testis fluid 

and allows aggregation (clustering) of various types of cells (33). Clusterin-α is a molecular 

chaperone that regulates protein folding (34). Its overexpression is frequently observed in 

a number of cancers and results in increased cell migration, invasion, and metastasis (35). 

viii. E-cadherin: E-cadherin mediates cell:cell adhesion in a calcium-dependent manner. 

It thereby modulates important biological processes such as epithelial development, tissue 

formation, tumor suppression, etc. Mutation of the gene coding for E-cadherin results in 

loss of its cell adhesion function in epithelial cancers (36) 

ix. E-Selectin:  It is a cell adhesion molecule that mediates binding between blood cells and 

endothelial cells and thus promotes the entrance of WBCs to inflamed/necrotic tissue 

regions. It is primarily expressed on vascular endothelium and its overexpression is 

involved in cancer metastasis and drug resistance. A study conducted using a E-Selectin 

inhibitor showed decreased tumor metastasis (37). 

x. ER-α:  When the Estrogen Receptor-α is occupied with its steroid ligand (estradiol), it is 

activated, binds to DNA response elements present in the regulatory regions of specific 

genes (38), and thus regulates their transcription. This hormone receptor is expressed in 

HNSCC as determined by ligand-binding assays and ER-α expression is correlated with 

reduced survival of HNSCC patients (39).  

xi. Ezrin: Ezrin is a plasma membrane cytoskeletal crosslinking protein required for cell 

survival, adhesion, and motility (40).  Ezrin expression noted in several human cancers 

helps transduce signals from the cell membrane to downstream molecules in the cytoplasm 

that are potentially required for metastasis (41) 
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xii. GAPDH: Glyceraldehyde phosphate dehydrogenase is a vital oxidoreductase enzyme for 

glycolysis that catalyzes the conversion of Glyceraldehyde 3-Phosphate to 1,3 

bisphosphoglycerate in the presence of Nicotinamide dinucleotide and Phosphate (42,43). 

GAPDH is commonly used in gene and protein expression studies as a standard or an 

internal control and is also known as a ‘housekeeping’ gene. Expression of GAPDH is 

derailed in various cancer cell lines with increased expression frequently correlated with 

cancer progression and poor survival (44,45) 

xiii. Ki67: Ki67 is strongly affiliated with cell proliferation and is expressed in various 

stages of the cell cycle except the resting (G0) phase (46). Ki67 is widely used as a 

prognostic marker to determine tumor proliferation since its expression level is directly 

proportional to the growth rate of malignant cells (47).  

xiv. MACC1:  Metastasis-associated in colon cancer 1 is an essential prognostic marker 

for metastasis in colon cancer (48) and is also identified to induce proliferation, migration, 

and invasion in cell lines as well as xenograft tumor models of liver and lung metastases 

(48). 

xv.           MMP 9: Matrix metallo proteinases are enzymes that cleave extracellular matrix 

proteins. MMPs play key roles in inflammatory responses, cell growth, angiogenesis, and 

cancer (49). MMPs are used as predictive markers since they breakdown collagen in the 

basement membrane and thus promote invasion and metastasis (50,51). One study reported 

that MMP9 was elevated in the serum of HNSCC patients with nodal involvement (52) 

xvi. Nrf2: Nuclear factor erythroid 2 related factor protein modulates antioxidant 

activities in mammals. Nrf2 acts as a transcription factor that translocates to the nucleus, 

binds to Antioxidant response elements (AREs) in the genes coding for antioxidant 



 

9 
 

proteins, and thereby prevents oxidative stress (53,54). Reactive Oxidation Species (ROS)-

mediated oxidative stress is a characteristic feature of various cancers and Nrf2 is 

overexpressed in cancer and cardiovascular disease (54,55). 

xvii. Oct 3/4: Oct 3/4 is a transcriptional factor that determines cell fate during 

mammalian embryonic development as a key regulator of pluripotency and self-renewal 

(56). Oct 3/4 is distinctively increased during the trophectodermal stage and decreases as 

development progresses (56). Oct 3/4 upregulation is observed in HNSCC cells and thereby 

confers resistance to therapeutic regimes including radiation and chemotherapy (57). 

xviii. Oct 4: Oct 4 – Octamer-binding protein is a transcription factor that is critically 

required for self-renewal, differentiation, and pluripotency in embryonic stem cells (58,59). 

Oct-4 expression is observed in pluripotent cells of an embryo, primordial germ cells, 

embryonic germ cells, and embryonic carcinoma cells (60). Oct 4 stimulates the self-

renewing capability of cancer stem cells in HNSCC and upregulation of OCT-4 is 

positively correlated with HNSCC progression to radio-resistance (61). 

xix. Palladin: Palladin is an actin-associated cytoskeletal phosphoprotein (62,63) that 

plays a crucial role in actin-dependent cellular functions such as contractility and cell 

motility (64,65). During cancer, elevated expression of palladin is directly related to 

increased invasion and metastasis since its abnormal expression and/or derailed function 

results in impaired motility of metastatic cancer cells (66). 

xx. PCNA:  Proliferating Cell Nuclear Antigen was initially identified in the nucleus of 

dividing cells (67) and is an essential component of the replication machinery that includes 

DNA polymerase (67). PCNA is generally used to measure/monitor the 
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percentage/proportion of proliferating cells. Upregulated expression of PCNA is directly 

correlated with reduced overall survival of patients with breast cancer (68). 

xxi. PD1: Programmed Cell death 1 is a transmembrane immunoreceptor (69,70). It is 

abundantly expressed on T-cells and is mainly involved in subverting the immune response 

(70).  

xxii. PD-L1: Programmed death - ligand1 (also known as CD279) is the ligand of PD-1 

and is a transmembrane glycoprotein with extracellular immunoglobulin domains that co-

inhibit pathways regulating the immune response. The PD-1/PD-L1 complex is a key 

component of tumorigenesis and is activated by multiple pathways including PI3K/Akt, 

JAK/STAT, MAPK, WNT, Hedgehog, etc. (70-72). 

xxiii. PRC-1: Polycomb recessive complex (PRC-1), with essential components detected 

in Drosophila and multiple homologs in vertebrates, mediates histone H2A lysine 119 

monoubiquitinating (H2Aub) histone modifications (73). It contributes to microtubule 

spindle formation and cytokinesis (74). Derailed functioning of PRC-1 causes impaired 

cytokinesis that facilitates chromosomal instability leading to tumor heterogeneity and 

cancer development (75). It is also reported that PRC1 inhibits the tumor suppressor 

p16INK4A that regulates the cell cycle and induces apoptosis. BMI1, a structural 

component of PRC1, represses the transcription of p16INK4A and thus prevents apoptosis 

(76). 

xxiv. PRMT5: Protein arginine methyl transferases catalyze the transfer of methyl S-

adenosylmethionine (AdoMet or SAM) to the nitrogen of arginine so that methylarginine 

and S-adenosylhomocysteine are formed as the end products (77) and thus account for an 

important class of post-translational modification (methylation). PRMT5 is a member of 
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the type-II PRMTs family that occurs in almost all eukaryotic species (78). PRMT5 

catalyzes the methylation of different histone proteins such as H2A and H3A on arginine 

residues (78). An impaired catalytic role of PRMT5 contributes to oncogenesis via altering 

gene expression of arginine-methylated target proteins, splicing, signal transduction, and 

DNA damage (78). 

xxv. p38MAPK: p38 Mitogen Associated Protein Kinase is a 38-kDa protein that plays 

a significant role in cell signaling cascades (79) that promote cell proliferation, 

differentiation, migration, and survival. P38MAPK is a stress-modulated kinase that is 

activated by phosphorylation (80). Genetic alterations in  p38MAPK during carcinogenesis 

result in drug resistance, DNA damage, and relapse (81,82). 

xxvi. SEMA4: Semaphorin is a protein family that facilitates axon control signals during 

neural development (83,84). More than 30 semaphorins have been identified. SEMA4 

plays crucial roles in neuronal development, angiogenesis, and immune responses (85,86).  

xxvii. SQSTM1: Sequestosome 1, also known as p62 protein, is a 62 kDa proteasomal 

stress-inducible protein. SQSTM1 sequesters misfolded and ubiquitinated, misfolded 

proteins and subjects them to proteasomal degradation followed by autophagy (87). 

Varying expression of autophagy-associated protein SQSTM1 in carcinogenesis is often 

related to poor prognosis, recurrence, and low overall survival (88,89).  

xxviii. TGFβ1: There exists three different isoforms of TGFβ, including TGFβ1, TGFβ2, 

and TGFβ3 (90-94). Increased expression of TGFβ1 and its association with invasion is 

reported in a variety of cancers (95). Oncological studies as well as experimental model 

systems indicate that the TGFβ1 ligand, its receptor, and downstream effector signaling 

molecules are vitally required for cancer cell metastasis, recurrence, and progression (96) 
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xxix. TGFβ2: Studies suggest that hyperactive TGFβ2 positively regulates different 

cancers including gastric cancer, cholangiocarcinoma, pancreatic cancer, gastric cancer, 

head and neck squamous cell carcinoma, etc. (97,98). This provides a strong rationale for 

using TGFβ2 as a diagnostic and prognostic biomarker for cancer 

xxx. YY1: Yin Yang 1 is a ubiquitous transcription factor with diverse roles in multiple 

biological processes including cell proliferation, embryogenesis, differentiation, 

development, etc. (99,100). YY1 regulates transcription of different genes via their 

activation or repression (99). Impaired YY1 activity can cause derailed cell proliferation 

by destabilizing the p53-mediated check point mechanism and inhibiting apoptosis to 

thereby promote tumorigenesis (99). 

1.9.Research plan 

To further assess the hamster cheek pouch xenotransplantation system with respect to HNSCC, we 

focused on the development and usage of 3D culture systems that are also known as S/O culture(s).  

The rationale is that, compared to conventional two-dimensional monolayer cultures, 3D culture 

systems can better preserve and reiterate the biological traits of patient tumors (101-103). A 

relevant difference between the two cell culture systems is that tumor S/Os are grown under 

conditions that facilitate cell-cell contact rather than cell-matrix adhesion (9,102,104). 3D cultured 

tumor cells can be surrounded by non-tumor cells as well as extracellular matrix (ECM) that 

together form the tumor microenvironment. Under given conditions, tumor cells encounter 

relatively unfavorable growth conditions including hypoxia, nutrient depletion, cellular contacts, 

and signaling within the tumor microenvironment. However, conventional 2D culture systems lack 

these environmental signals and thus are unable to recapitulate the tumor microenvironment and 

original tumor biology (102).  In addition, tumor S/Os are enriched in distinct sub-populations of 
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cells called Cancer Stem-like Cells (CSCs) or cells with stem-cell associated characteristics (9, 

102). These CSCs can rebuild entire cancer structures and maintain tumor growth because of their 

self-renewal and differentiation potentials (9, 102). Likewise, CSCs potentially contribute to tumor 

recurrence, distant and local metastasis/propagation, and therapeutic evasion, which are hallmarks 

of tumor aggressiveness (9.16,102). Specific gene expression patterns and their protein products 

in CSCs include cell surface markers CD44, CD117, CD133, ALDH, etc. (102). Tumor S/Os are 

typically generated from cancer cell lines using conventional medium supplemented with Fetal 

Bovine Serum (FBS) like 2D cultures and are therefore considered as expansions of conventional 

cell line cultures (102). However, tumor S/Os simulate proliferative action in in vivo tumors (102). 

In addition, tumor S/Os offer several advantages such as clonal cell population, simple and 

minimal maintenance, and ease of genetic modifications and thus provide an appropriate and 

convenient approach for the high throughput screening of drugs (102).  Conducting such up-to-

date analyses to characterize human tumor cell lines or tumor tissue samples being considered for 

use as cancer experimental models is highly recommended (103,104), especially for 

xenotransplantation-based or PDX models like the one proposed here.  

Specific Aim #1: To develop S/O cultures from two head and neck squamous cell carcinoma 

(HNSCC) cell lines (CAL-27 and FaDu) and characterize them at the proteomic level via Western 

blot (WB) and immunohistochemistry (IHC) analyses. 

Specific Aim #2: Assess the performance of such S/O cultured cells in our xenotransplantation 

system using histological analyses. 
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CHAPTER 2 

2. RESEARCH METHODOLOGY: 

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

Reagent Source 

DMEM/F-12  HyClone Laboratories, Inc. 

Fetal Bovine Serum Atlanta Biologicals, Inc. 

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

Antibodies From various sources  

Paraformaldehyde Fisher Scientific International, Inc. 

Permount Fisher Scientific International, Inc. 

 

2.1.PROTEOMIC ANALYSES:   

The Western blotting (WB) and immunohistochemical (IHC) analytical techniques for both 

cultured cells and tissue samples are well established in the faculty mentor’s research laboratory 

(105-110) and are outlined below.   

2.1.1. Western Blotting: 

For WB analyses, cell culture harvests and tumor tissue samples are homogenized and then 

processed under conditions that yield an extract of total proteins that are fully denatured. The WB 

procedure is as fully described in prior publications from the Hendry lab (105-111).  In brief, sets 

of extract aliquots (25 µl) were electrophoresed under denaturing conditions on 5-15% 

polyacrylamide gradient gels. The gels were either Coomassie stained to visualize the overall 

pattern of resolved proteins or were electro-transferred to nitrocellulose membranes.  The 

membrane blots were probed with antibodies directed against specific protein targets and the 
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primary antibody:antigen complexes were detected using a biotin-labeled and species-specific 

anti-IgG second antibody followed by an avidin-biotin-horseradish peroxidase complex (ABC) 

reagent (both from Vector Laboratories, Burlingame, CA) and finally a diaminobenzidine (DAB) 

substrate reagent (SigmaFast from Sigma, St. Louis, MO) that generates deposition of an insoluble, 

dark-brown product.  The resulting bands representing specific antibody-antigen binding 

complexes are finally detected by densitometric analysis.  Band mobility is used to determine the 

molecular weight of the immunodetected protein band, which provides important evidence 

regarding identity of the antibody-labeled target band. Band density permits quantification of 

relative protein levels among individual sample extracts following digital image analysis. 

For IHC analyses, cells in culture are paraformaldehyde-fixed. This immediately locks proteins 

into their morphological localization state within either cells or tissues. The fixed cells then 

undergo standard paraffin embedding, sectioning, and histological processing.  After incubation 

with a given antibody, the resulting specific antibody:antigen binding complexes are detected with 

the same colorimetric reaction system used for the WB analyses (see above). 

2.1.2. Development of tumor S/Os from established cancer cell lines:   

Human CAL-27 (ATCC CRL-2095; human tongue squamous cell carcinoma) and FaDu (ATCC 

HTB-43; human pharynx squamous cell carcinoma) cells are cultured in Dulbecco’s Modified 

Eagle’s Medium and Ham’s F-12 Medium (DMEM/F-12) supplemented with 10% heat-

inactivated fetal bovine serum.  Cells are grown in a humidified environment at 37°C and 5% CO2. 

Later, when both cell cultures reach confluency, the cells are trypsinized to release them from the 

culture dish and viable cells are counted in a hemocytometer using 10 µL cell suspension plus 10 

µL trypan blue solution. Next, 2,000 cells/ml culture medium samples are seeded in non-adherent 
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culture dishes. Subsequent development of cell S/Os is evaluated every-other-day by 

photomicroscopy at 4X and 10X magnification. 

2.1.3. Harvesting HNSCC S/Os generated from CAL-27 and FaDu cells: 

S/Os generated from CAL-27 and FaDu cell lines are harvested for histological and IHC analysis 

as follows.  The S/Os are collected by tilting the non-adherent culture dishes to an ~ 45° angle to 

accumulate them at the bottom of the dish. Using Pasteur pipette(s), the S/Os are transferred to 1.5 

ml tubes and centrifuged at 50xg for 15 seconds (Note that this also defines the S/O harvesting 

step relevant to the Cheek Pouch Transplantation Procedure described below.). Following 

supernatant aspiration, 4% PFA (paraformaldehyde; pH 7.2) fixative is added to the pellet, the 

tubes are mixed end-over-end for 30 minutes, receive changes after 24 hr first of fresh fixative, 

then of 70% ethanol, and finally the fixed S/Os are embedded in paraffin. 

2.1.4. Total protein extraction from S/Os: 

Following the collection, transfer, and initial centrifugation/supernatant aspiration steps described 

above, 1.4 ml PBS is added to the pelleted cells, the Eppendorf tubes are vortexed and then re-

centrifuged. Following supernatant aspiration, the cell pellets are re-suspended in TE buffer (1:9) 

ratio and vortexed. Subsequently, 5X Sample Buffer (1:4 ratio) is added and vortexed. Tubes are 

freeze-thawed 3 times with intermittent vortexing between each freeze-thaw. The preps are finally 

heated at 100oC for 5 min to fully denature the extracted proteins and the tubes are stored at 4oC. 

2.1.5. Protein Localization Analysis in HNSCC S/O Sections Via IHC:  

IHC utilizes a detection method that is similar to that described above for WB analyses and follows 

the workflow given below:  
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Deparaffinization: Is done to remove the paraffin used S/O and tissue embedment. HNSCC S/O 

section slides are incubated at 70 ºC for 15 minutes followed by three xylene washes for 10 minutes 

and a series of ethanol washes twice for 15 seconds each with the concentrations (and sequence) 

of 100%, 95%, 85%, 70%, 50%, 30% & distilled water. The slides then proceed to antigen 

retrieval.  

Antigen Retrieval: This step allows the antibody to effectively access the target antigen/protein 

within the tissue section. Slides are simmered at 70-80°C in sodium citrate buffer (pH 6.0) for 30 

minutes followed by washing with PBST three times and soaking in PBST for 20 minutes at room 

temperature.  

Peroxidase Quenching: Following antigen retrieval, slides are incubated in 30% hydrogen 

peroxide solution at 37 ºC for 30 minutes followed by washing with PBST three times.  

Blocking: This step blocks background signals by preventing non-specific binding of antibodies 

to proteins on the slides. Slide pairs are faced together and 300µl of animal-free blocker is pipetted 

between the slide pairs for 20 minutes at room temperature followed by three washes with PBST.  

Avidin/Biotin Blocking: To avoid background staining generated as a consequence of 

endogenous cellular constituents, slides are incubated with avidin and biotin respectively for 15 

minutes each at room temperature.  

Incubation with primary antibody: Slide pairs are incubated with primary antibody at 37ºC in a 

humidor chamber for 35 minutes followed by washing with PBST thrice  
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Incubation with secondary antibody: After incubation with primary antibody, slide pairs are 

incubated with a biotin-labeled and species-specific secondary antibody for 20 minutes at 37ºC in 

a humidor chamber followed by three washes with PBST.  

Incubation with Avidin/Biotin/enzyme Complex (ABC): This step amplifies the target antigen 

detection. Slide pairs are incubated with avidin/biotin/horseradish peroxidase complex solution 

(avidin and biotin are mixed in a specified ratio) at 37ºC in a humidor chamber followed by three 

washes with PBST.  

Substrate reaction: The diaminobenzidine (DAB) substrate solution (prepared in 5 mL distilled 

water) is poured on top of the S/O section slides and mixed for 15 minutes or until the tissue(s) 

start turning brown. After removing the DAB and washing the slides with tap water followed by 

distilled water four times, the slides are placed in a coplin jar containing methyl green (counter 

stain) for 8 seconds, washed with water, dried overnight, and cover-slipped the next day.  

Imaging: S/O section slides are observed and digitally imaged with a microscope at 4x and 20x 

magnification. 

2.2.S/O Culture Development and Processing:   

Developing a protocol to generate S/O cell cultures from patient tumor tissues in collaboration 

with Dr. Sufi Thomas is an ongoing effort that is based on one developed by Dr. Andrew P. South 

at Thomas Jefferson University (112,113). To prepare for that outcome, this project generated and 

tested S/O cultures derived from the two established HNSCC cell lines.  Briefly, CAL-27 and 

FaDu cells grown in regular adherent dishes were released by  trypsinization and centrifuged at 

1,000 rpm for 5 minutes. Cell pellets were collected and resuspended with 2 mL DMEM/F-12. 

Cells were counted using a hemocytometer and were seeded in non-attachment dishes. The dishes 
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were incubated at 370C and were microscopically analyzed and/or photographed on alternate days.  

For WB analyses (see above), harvested cells are homogenized and further processed by a 

procedure that is well demonstrated to yield groups of totally denatured total protein extracts that 

are matched or normalized based on cell (105,106) and/or tissue mass (107,108) equivalents.   

2.3. Cheek Pouch Transplantation Procedure:   

Animals were maintained and treated in an Association for Assessment and Accreditation of 

Laboratory Animal Care (AAALAC)-accredited facility as authorized by the Wichita State 

University Institutional Animal Care and Use Committee (IACUC).  All the procedures described 

here and in sections 2.3.1 and 2.3.2 followed IACUC-approved protocols. 

The cheek pouch is everted from an anesthetized animal using forceps, spread on filter paper 

placed on a styrofoam pad, and secured with T-pins.  After 2 mm incisions are made in one 

epithelial layer of each pouch, the tips of a fine forceps are inserted to slightly widen the incision 

site and to generate a pocket between the two epithelial layers.  After the styrofoam pad and host 

animal are reoriented to put the spread pouch in a vertical position, harvested CAL-27 and FaDu  

cell S/O (see above) are introduced into the pocket between the two pouch layers in 50 μl sterile 

saline using 200 μl plastic pipette tips and the incision is sealed using a liquid suturing agent 

(Vetbond Tissue Adhesive, 3M Animal Care Products, St. Paul, MN).  Finally, the everted pouch 

is unpinned and gently guided back to its natural location.   

2.3.1. Post-Transplantation Assessments:   

Inspections are conducted first at 3-days post-transplantation and then weekly by anesthetizing the 

animals, gently everting their cheek pouches, and assessing (photographing) the presence, 

dimensions, general appearance, and vascularization state of viable transplant masses  
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2.3.2. Host Animal Tissue Harvesting and Processing:   

Cheek pouch transplantation sites with or without obvious viable transplant masses along with 

trunk blood (collected via host animal decapitation) are harvested and animals are necropsied to 

look for evidence of tumor spread to other organs (metastasis).  Relevant to that latter point, a 

summary of much earlier studies did report metastasis of human tumors from the hamster cheek 

pouch (114). From the harvested primary xenotransplant tumor masses (cheek pouch) and any 

suspected secondary/metastatic sites (excised whole or parts of other hamster organs), a portion is 

paraformaldehyde-fixed and processed for standard histology and IHC assessments and another 

portion (along with serum separated from the whole blood sample) is snap frozen in liquid nitrogen 

and stored at -80°C for later analysis of specific protein, mRNA, and miRNA levels as well as 

patterns of DNA methylation.  Note that the final extent of such proposed analyses depends on the 

actual harvestable mass of a given tissue sample type. 
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CHAPTER 3 

3. RESULTS 

3.1. Cell Culture Studies: 

The two HNSCC cell lines used, CAL-27 (tongue) and FaDu (Pharynx), demonstrated 

somewhat different growth patterns.  That is, when cultured and maintained in regular medium 

(DMEM/F-12 with 10% FBS) and on normal plastic adherent culture dishes, we commonly 

observed that the CAL-27 cell line tends to proliferate more aggressively and thus reached 

confluency more rapidly than the FaDu cell line.  However, once confluent, both cell lines appear 

as monolayers of adherent cells (Figure. 3.1).  

    

Figure 3.1.(A): CAL-27 cutured cells at  100% confluency (image on left was taken at 4X 

magnification; image on right was taken at 10X magnification). 
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Figure 3.1.(B) FaDu cultured cells at 100% confluency (image on left was taken at 4X 

magnification; image on right was taken at 10X magnification). 

3.2. Transformation of Conventional Monolayer Cultures to S/Os: 

The process of growing cancer cells as 3D S/Os from conventional two-dimensionally grown 

cultures under an in vitro environment helps reflect the physiological conditions in vivo. The 

process of generating S/Os requires specialized non-attachment dishes and Advanced DMEM/F-

12 medium  plus B27 supplement, 20 ng/ml of FGF and EGF, and 10% FBS. When the cells are 

not provided with a solid surface support on which to bind/interact, they start forming stable 

contacts with each other and physically clump together as shown in Figure 3.2. Shown below is a 

series of progressive changes during S/O culture/development.  Images were captured on alternate 

days following S/O culture initiation (using a 10X objective). Shown in Figure 3.3 are H&E-

stained sections of the CAL-27 and FaDu S/O that were harvested on day-18 of culture (see the 

final two panels of Figure 3.2).  In both cell line S/Os at that time point, cells were closely packed 

and, in some, central necrotic areas were present.  

 

Figure 3.2. The transformation of CAL-27 and FaDu 2D cells to 3D S/Os over 18 days (observed 

at 10X magnification). 
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                       CAL-27 (day 2)                                                     FaDu (day 2) 

    
                  CAL-27 (day 4)                         FaDu (day 4)

                                                                                             
                    CAL-27 (day 6)                                                      FaDu (day 6) 
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Figure 3.2 (continued) 

     
               Cal-27 (day 8) FaDu (day 8) 

      

                  CAL-27 (day 10) FaDu(day10)  

      

 CAL-27 (day 12) FaDu (day 12) 
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Figure 3.2 (continued) 

        

 CAL-27 (day 14) FaDu (day14) 

             

 CAL-27 (day 16) FaDu (day 16) 

      

 CAL-27 (day 18) FaDu (day 18)      
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Figure 3.3.  Displayed are H&E-stained sections of the CAL-27 (A) and FaDu (B) cell S/Os that 

were harvested on day-18 of culture (20x magnification) 

 

B 
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3.3. Protein Analyses of Monolayer and S/O Cell Cultures by WB and IHC: 

Protein expression patterns were analyzed between CAL-27 and FaDu cell lines grown as 

monolayer adherent cells versus S/Os using WB and IHC. Figure 3.4 shows expression levels of 

total proteins extracted from CAL-27 and FaDu cell lines and separated via SDS-PAGE.  Except 

for the distinct ~68 kDa bands that were present in both 3D cell extract lanes but not in the 2D cell 

extract lanes, the overall total protein loading and banding patterns were similar among the four 

extract lanes. 

Qualitative expression of specific proteins was analyzed first by WB and the results for selected 

antibodies that generated positive signals at the expected molecular weight (based on the material 

safety and data sheet and supporting references provided by the supplier) are shown in Figure 3.5. 

Then IHC analysis with those antibodies was used to detect and localize the targeted 

antigens/proteins at the cellular level in the CAL-27 and FaDU cell S/Os with the results shown in 

Figure 3.6.  
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Figure 3.4. SDS-PAGE and Coomassie-Staining Analyses of CAL-27 & FaDu Cell Extracts.   

 

Shown above are Coomassie-stained levels of total proteins in extracts from the CAL-27 and FaDu 

2D & 3D cultured cells.  The molecular weight in kilodaltons [kDa] of the standard protein bands 

are shown in the left panel. 



 

29 
 

 

Figure 3.5.  Immunoblot Analyses of CAL-27 & FaDu Cell Extracts.   

Shown above are immunodetected levels of specific proteins in extracts from the CAL-27 and 

FaDu 2D & 3D cultured cells.  
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Figure 3.6 (A): BCL-XL (CAL-27on top & FaDu on bottom) 
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Figure 3.6 (B): β-Catenin (CAL-27on top & FaDu on bottom)  
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 Figure 3.6 (C): CD44 (CAL-27 on top & FaDu on bottom) 
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Figure 3.6 (D): Estrogen Receptor-α (CAL-27 on top and FaDu on bottom) 
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Figure 3.6 (E): GAPDH (CAL-27 on top and FaDu on bottom). 
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Figure 3.6 (F): Ki67 (CAL-27 on top and FaDu on bottom) 
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Figure 3.6 (G): Nrf2 (CAL-27 on top & FaDu on bottom at 20x) 
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Figure 3.6 (H): Palladin (CAL-27 on top & FaDu on bottom) 
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Figure 3.6 (I): PCNA (CAL-27 on top & FaDu on bottom) 
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Figure 3.6 (J): PRMT5 (CAL-27 on top & FaDu on bottom) 

 



 

40 
 

 

 

Figure 3.6 (K): TGFβ-2 (CAL-27 on top and FaDu on bottom) 
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Figure 3.6 (L): YY1 (CAL-27 on top and FaDu on bottom) 
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WB and IHC Results Summary 

i. BcL-XL:  For WB, no specific bands detected.   For IHC, cytoplasmic signals were detected 

in both cell line S/Os. 

ii. Β-catenin: WB results showed dark doublet bands at 87 and 126 kDa in both 2D and 3D 

lanes and somewhat lighter bands were observed in all 4 lanes of  the 2D and 3D cell 

protein extracts at 25 and 30 kDa. Light bands of 50 kDa were also detected in all 4 lanes. 

However, IHC analysis showed plasma membrane signals in the CAL-27 but not in the 

FaDu cell S/Os.  

iii. CD44: For this cell-surface glycoprotein, WB detected 175 kDa bands that were darker in 

the 2-D than in the 3-D cell extract lanes.  For IHC, cytoplasmic and cell membrane signals 

were detected in both CAL-27 & FaDu cell S/Os.  

iv. ER-α: For WB, equivalent strength 150 kDa bands were detected in all four lanes. Also, 

50 kDa bands were detected in the CAL-27 and FaDu 3D lanes. For IHC, nuclear signals 

were detected in periphery cells of the CAL-27 but not the FaDu cell S/Os.  

v. GAPDH: For WB, 30 kDa bands were detected that were slightly darker in the 3D than 

the 2D cell extract lanes. For IHC, prominent cytoplasmic signals were detected in both 

cell line S/Os.  

vi. Ki67: For WB, very high molecular weight bands of equivalent strength were detected in 

all four lanes. For IHC, a pattern of distinct and maybe nuclear signals were detected in 

some cells towards the S/O peripheries that were more numerous in the CAL-27 than the 

FaDu S/Os. 

vii. Nrf2: For WB, 62 kDa bands were detected in the 2D cell culture extract lanes but not in 

the S/O cell culture extract lanes. However for IHC, cytoplasmic and maybe nuclear signals 

were detected in both the CAL-27 & FaDu S/Os (perhaps a bit darker in CAL-27 than in 
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FaDu).  

viii. Palladin: For WB, detected 68kDa bands that were darker in the FaDu than the 

CAL-27 cell extracts from both the 2D and 3D cell cultures.  For IHC, detected diffuse 

cytoplasmic signal (darker at the S/O section periphery) that was overall darker in the CAL 

than the FAD S/Os.  

ix. PCNA: For WB, detected 33 kDa bands that were darker in the 2-D than the 3-D extract 

lanes.  For IHC, distinct nuclear signals were detected in the healthy outer cells of the CAL-

27 and FaDu S/Os (perhaps more numerous in CAL-27 than in FaDu).  

x. PRMT5: For IHC, nuclear signals were detected in periphery cells of both the CAL-27 & 

FaDu S/Os. However, for WB no specific bands were detected 

xi. TGFβ2: For WB, detected 50 kDa bands only in the S/O culture extracts that were darker 

in the FaDu than the CAL-27 extract lane.  For IHC, in both the CAL-27 and FaDu S/O, 

detected signals in their periphery cells (cytoplasmic) and in their central necrotic areas. 

xii. YY1: For WB, detected 63 kDa bands that were equivalent in the CAL-27 and FaDu extract 

lanes but were darker in the 2D than the 3D cell extract lanes.  For IHC, detected distinct 

nuclear signals throughout the area of a given S/O that was overall darker in the CAL-27 

than the FaDu S/Os. 
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3.4. Post-Transplant Analyses of CAL-27 and FaDu S/O Masses. 

The preliminary xenotransplantation experiment made use of four animal hosts (two males and 

two females). Each host was transplanted with both CAL-27 S/Os (in left cheek pouch) and FaDu 

S/Os (in right cheek pouch). For post-transplant analyses, cheek pouches were examined weekly 

to assess the status of transplant masses. Shown below in Figure 3.7 are images of the viable 

transplant masses observed over the period of eight weeks in one of the hosts (host animal 3). Post 

transplantation analysis at 1 week observed the generation of viable transplant masses in all eight 

cheek pouches containing CAL-27 and FaDu S/Os.  In the subsequent weeks, we observed that 

hamster cheek pouches did retain CAL-27 and FaDu S/O transplants till week 8. Note that such 

assessments display the gross morphology and dimensions plus the vascularization status of the 

transplant masses.  In general, while transplant masses were observed in both cheek pouches of all 

four host animals, they did not display an obvious growth/expansion response over the eight-week 

period (as demonstrated in the example presented in Figure 3.7).  

 

Figure 3.7;  A.  Pre-Harvest Transplant Masses.  Depicted above is the everted and pinned-out 

hamster left (L) cheek pouch with the CAL-27 S/O-generated transplant mass observed weekly 

over eight weeks in the third (3) host animal.  The left-panel images were photographically 

captured using reflected (F) light while the right-panel images were captured using transmitted (T) 

light.  
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Week 2 

    

Week 3 

    

Week 4 
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Figure 3.7 A (continued) 

      

Week 5 

    

Week 6 

    

Week 7 

    

Week 8 
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Figure 3.7; B,  Pre-Harvest Transplant Masses.  Depicted above is the everted and pinned-out 

hamster right (R) cheek pouch with the FaDu S/O-generated transplant mass observed weekly over 

eight weeks in the third (3) host animal.  The left-panel images were photographically captured 

using reflected (F) light while the right-panel images were captured using transmitted (T) light.  
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Figure 3.7 B (continued) 

 

      

Week 4 

     

Week 5 

     

Week 6 

    

Week 7 
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Figure 3.7 B (continued) 

 

    

Week 8  

 

3.5. Post-Harvested Transplant Masses Assessment:  

At week eight, the xenotransplant tissue areas were harvested from all four host animals and they 

are displayed in Figure 3.8. The analogy we use for such tissue harvests is that they resemble 

“raviolis” with the outer “shell” layers being the hamster cheek pouch tissue membranes and the 

inner “filling” or “stuffing” areas  being the S/O  xenotransplant mass tissue.   

Figure 3.8.  Post-Harvest Assessment of Cell Transplant Masses.   

Shown below are the cell transplant masses after they were harvested from host animals at week 

eight after transplantation, fixed using paraformaldehyde, and trimmed by removing surrounding 

host cheek pouch tissue areas.  The distance between white scale bar lines = 1 mm. 
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Figure 3.8 (continued) 

Host Animal 1: 

    

 CAL-27 FaDu 

Host Animal 2: 

     

 CAL-27 FaDu 
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Figure 3.8 (continued) 

Host Animal 3: 

    

 CAL-27 FaDu 

Host Animal 4: 

    

 CAL-27 FaDu 
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3.6. Histology of Harvested Transplant Masses: 

Fixed samples of the donor cell S/Os and the transplant tissue masses (displayed in Figure 3.8) 

were paraffin embedded and 4.5 m cross sections were applied to glass microscope slides.  How 

those donor cell S/O and transplant tissue masses were arranged on the slides is displayed in Figure 

3.9 and their histomorphology is displayed at higher magnification in the individual panels of 

Figures 3.10 and 3.11.  Lastly, an even higher magnification view of one of the transplant masses 

along with a further depiction of the “ravioli” analogy is shown in Figure 3.12 (SE and M/S tissue 

layers = the “shell”; Tu = the “filling” or “stuffing”).  

 

Figure 3.9.  Arrangement and Morphology of the Donor Cell S/O and Transplant Tissue Mass 

Sections.  Displayed are H&E-stained sections (CAL-27, upper; FaDu, lower) of the donor 

transplant S/O cell clusters (left panel) and the resulting transplant masses at week-8 in the four 

host animals (right panel).  Note that the top-to-bottom dimension of both panels is ~1 cm.  
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Consistent with the cell S/O histomorphology shown in Figure 3.3:  1) In both the donor CAL-27 

and FaDu cell S/Os used for transplantation (Figure 3.10), the cells were closely packed and central 

necrotic areas were present in some of them; and 2) The overall histomorphology was similar in 

both donor cell populations.  As shown at higher magnification for one of the transplant harvests 

in Figure 3.12, the tumor mass tissue did contain areas of closely packed cells.  However, it also 

contained areas without cells but with fibrous-appearing extracellular material.  The extent of such 

cell-devoid areas was quite variable among the transplant masses; being much more extensive in 

FaDu-Host 1, CAL-27-host 2, and CAL-27-host 3 compared to the other transplant masses.  Thus, 

the closely packed-cell vs. cell-devoid area histomorphology phenomenon does not appear to be 

CAL-27 vs. FaDu cell-dependent. Furthermore, the makeup of the fibrous-appearing and 

purplish/blue-stained extracellular material in the cell-devoid areas is uncertain.  That uncertainty 

is based on the generalized view that, for the traditional H&E tissue staining approach, the 

hematoxylin stains cell nuclei a purplish/blue color while the eosin stains extracellular matrix a 

pink color (i.e.  see the M/S-labeled area of Figure 3.12).  Clearly, this matter deserves future 

probing via IHC analyses. 
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Figure 3.10. Histomorphology of the donor CAL-27 (panel A) and FaDu (panel B) cell S/Os at 4 

x magnification.  Scale bar = 100 m.  

 

B 
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Figure 3.11; A. Histomorphology of CAL-27 (upper panel) and FaDu (lower panel) transplant 

masses at 4X magnification in host animal 1.  Scale bars here and in the following panels = 100 

m. 
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Figure 3.11; B. Histomorphology of CAL-27 (upper panel) and FaDu (lower panel) transplant 

masses at 4X magnification in host animal 2.  
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Figure 3.11; C. Histomorphology of CAL-27 (upper panel) and FaDu (lower panel) transplant 

masses at 4X magnification in host animal 3.  
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Figure 3.11; D. Histomorphology of CAL-27 (upper panel) and FaDu (lower panel) transplant 

masses at 4X magnification in host animal 4.  
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Figure 3.12.Histomorphology of one of the harvested transplant masses (CAL-27 in host animal 

1).   

 

Indicated is the demarcation (red line) between the transplant tumor mass tissue (Tu) and the 

enveloping host cheek pouch tissue with its outer squamous epithelial (SE) tissue layer and its 

inner mesenchymal/stromal (M/S) tissue layer.  Scale bar = 100 m.  
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CHAPTER 4 

4. DISCUSSION 

HNSCC is the sixth most frequent cancer worldwide (2) with approximately 890,000 cases 

annually (115,116). Despite advances in diagnostic and treatment modalities, the overall 

progression-free, and disease-free survival rates remain less than 50% (117).  Some lines of 

evidence suggest that HNSCC poses serious treatment challenges due to extensive tumor invasion, 

metastasis, plus chemo- and radio-therapeutic resistance (118-121). To combat this, molecular-

targeted therapies were implemented to improve standard chemotherapeutic regimes, but they only 

provided 10-20% promising results (122). Treatment failure is often correlated with tumor 

heterogeneity (123-125) since genotypic analyses of cancer cells demonstrated varying gene 

mutations that drive their oncogenic potential (126). Prediction of therapeutic responses before 

initiating treatment is of utmost importance to avoid unsafe and unnecessary side effects. 

Therefore, it is imperative to generate in vitro and/or in vivo models that accurately mimic a given 

type of cancer.   

The conventional two-dimensional culture approach has long been used for pre-clinical cancer 

models. However, such 2D cultures do not accurately reflect the in vivo attributes of clinical cancer 

specimens and so are not good predictors of the anti-oncogenic potential of chemotherapeutic 

agents (118). To develop and test efficient therapeutic agents for HNSCC, in vitro 3D cell culture 

models can be valuable additions to current investigational strategies. The rationales being that:  

1) Compared to conventional 2D monolayer cultures, 3D culture systems can better preserve and 

reiterate the biological attributes of patient tumors (102); and 2) The pharmacodynamics and 

pharmacokinetics are quite different under in vitro vs. in vivo conditions (127,128). 



 

61 
 

Regarding Specific Aim #1, over a two to three-week period, we did generate S/Os (3D) of 

equivalent size and organization from the CAL-27 and FaDu cell lines.  For the protein targets 

detected by WB analyses using thirty primary antibodies, different signal band strength levels in 

2D vs. 3D cell culture extracts were observed for CD44, Nrf2, PCNA, YY1 (higher in 2D than 

3D) and GAPDH, TGF-2 (higher in 3D than 2D).  Furthermore, different signal band strength 

levels in CAL-27 vs. FaDu cell culture extracts were only observed for Palladin (higher for FaDu 

than Cal-27 in both 2D and 3D cell extracts) and TGF-2 (higher for FaDu than Cal-27 in 3D cell 

extracts).  Clearly, we need to further investigate the biological relevance of those initial WB 

proteomic analyses.  

For the cohort of protein targets detected by IHC analyses of the CAL-27 and FaDu cell S/Os using 

the same thirty primary antibodies, some results emerged that differed from those generated by 

WB analyses:  1) -Catenin – Signal bands in both by WB, plasma membrane signals only in CAL-

27 by IHC; 2) ER - Signal bands in both by WB, nuclear signals only in CAL-27 by IHC; 3) Nrf2 

– No signal bands in both by WB, cytoplasmic and maybe nuclear signals in both by IHC; 4) 

Palladin – Darker signal bands in FaDu than CAL-27 by WB, darker cytoplasmic signals in CAL-

27 than FaDu by IHC.  Again, we need to further investigate the biological relevance of those 

initial IHC proteomic analyses. 

Regarding Specific Aim #2, using the CAL-27 and FaDu S/Os, we did establish cheek pouch 

transplant masses that were evaluated weekly over 8 weeks.  Thereafter, they were harvested and 

processed for histological analysis.  In general, over that time period the transplant masses did not 

obviously expand/grow and there were no clear differences in mass dimensions between those 

generated from CAL-27 vs. FaDu donor cell S/Os.  Histologically, the closely packed cell 

organization observed in both donor cell S/O populations was also present in some areas of the 
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transplant masses.  However, there were also variable extents of areas without cells but with 

fibrous-appearing extracellular material among the transplant masses.  Again, the degree of that 

phenomenon did not obviously differ between the CAL-27 vs. FaDu cell transplants.  Future IHC 

analyses of the transplant masses should help to identify the makeup of that extracellular material. 
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CHAPTER 5 

5. SUMMARY AND CONCLUSIONS 

We established a protocol for culturing 3D floating S/Os from 2D monolayer cultures of CAL-27 

& FaDu cells.  Candidate protein expression was first analyzed via WB using extracts from both 

2D and 3D cultures.  Some differences in specific protein expression levels were detected in 2D 

vs. 3D cell extracts and in CAL-27 vs. FaDu cell extracts.  Follow-up IHC analyses of the CAL-

27 and FaDu S/Os yielded results that mostly fit with the WB results, but some did not.  All of 

those differences need to be taken into account during future IHC analyses of the cell transplant 

masses. 

Transplantation of CAL-27 and FaDu S/Os into the cheek pouch did generate masses that were 

maintained for 8 weeks.  Some areas of the masses were histologically similar to the organization 

observed in the donor cell S/Os, but they also contained areas that were devoid of cells but did 

contain some extracellular material of undetermined makeup.  This is another question that will 

likely be answered via future IHC analyses of the cell transplant masses.  In conclusion, the 

protocols and results presented here:  1) Demonstrate that the hamster cheek pouch can accept and 

maintain transplants of HNSCC cell S/Os; and 2) Indicate some proteomic and histological 

questions we need to address in the future if/when we obtain patient-derived HNSCC cell S/Os 

from our KUCC collaborators. 
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