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Head and neck cancer accounts for approximately 3 percent of all cancers in the United States, 

and over 90% of them are head and neck squamous cell carcinoma (HNSCC). Chemotherapeutic 

drugs that treat HNSCC can activate BCL-2 family dependent apoptosis. Pro-apoptotic NOXA 

induced by adenovirus (Ad-NOXA) or fenretinide inactivates anti-apoptotic MCL-1, while ABT-

263 can inactivate other anti-apoptotic BCL-2 family members such as BCL-2 and BCL-XL. We 

used p53 inactive HN8 and HN12, p53 wild-type UMSCC1, and HPV-positive UMSCC47 

human HNSCC cell lines and five mouse HNSCC cell lines. Cells were treated with Ad-NOXA, 

ABT-263, and fenretinide alone or in combinations. Combinational treatment of ABT-263 with 

Ad-NOXA or fenretinide enhanced cell death among all cell lines we tested regardless of p53 

status. These findings support the hypothesis that combinational treatment of Ad-NOXA or 

fenretinide with ABT-263 increases cell death by simultaneously inhibiting all anti-apoptotic 

BCL-2 family proteins in HNSCC cells. 
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Introduction 

 

1.1 Cancer 

Cancer is an extremely prevalent collection of diseases in the world and society, and it is the 

second leading cause of death in the United States[1]. In 2018, the overall estimated new cases of 

cancer in the United States is 1,735,350, contributing to an estimated number of 609,640 

deaths[1]. Cancer is caused by genetic changes that can be inherited or arise during an 

individual’s life. Additionally, different environmental exposures, such as radiation, ultraviolet 

rays, and chemicals from tobacco, can be cancer causing by contributing to DNA damage 

[www.cancer.gov]. Many other risk factors of cancer include age, alcohol, diet, obesity, and 

virus infection [www.cancer.gov].  

There are many different types of cancer, and all cancers are characterized by uncontrolled 

cell growth [www.cancer.gov]. Cancer cells are different from normal cells because normal cells 

die when they get too old or damaged [www.cancer.gov]. Cancer cells do not die like normal 

cells, continuing to grow and divide.  

Many cancer cells can form solid tumors, but there are types of cancer where this is not the 

case, such as leukemia, or cancer of blood cells [www.cancer.gov]. While leukemia is cancer 

that begins in blood cells, carcinoma is the type of cancer that is formed by epithelial cells, and it 

is also the most common type of cancer [www.cancer.gov]. The most common types of cancer 

estimated for 2018 include lung and bronchus, colon and rectum, prostate (men), breast 

(women), and oral cavity and pharynx[1]. 

Due to the large number of deaths each year caused by cancer, as well as its severe impact on 

the world and United States, it is important to research cancer, cell death, and the molecular 
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mechanisms of tumorigenesis in order to develop proper understanding of cancer progression 

and successful treatment. 

 

1.2 Head and Neck Cancer 

Head and neck cancer is a type of cancer that normally begins in squamous epithelial cells of 

the head and neck that line moist, mucosal surfaces [www.cancer.gov]. Out of the total estimated 

new cases of cancer in 2018, approximately three percent of them are head and neck cancer[1]. 

Over 90% of head and neck cancer is classified as head and neck squamous cell carcinoma 

(HNSCC)[2], but rare forms of head and neck cancer can occur in the salivary glands that are not 

classified as carcinoma [www.cancer.gov]. It occurs in the oral cavity, pharynx, larynx, 

paranasal sinuses and nasal cavity, and salivary glands, which can be seen in Figure 1 

[www.cancer.gov]. Head and neck cancer is among the most common forms of cancer in men, 

and men are twice as likely to be diagnosed than women[1,3]. Additionally, individuals over the 

age of 50 are more likely to be diagnosed [www.cancer.gov]. There are many symptoms of head 

and neck cancer including a sore throat that persists, change in voice, and trouble swallowing 

[www.cancer.gov].  
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Figure 1: Locations of head and neck cancer [www.cancer.gov] 

 

Head and neck cancer can arise from many different causes, similar to all cancers. However, 

the two main risk factors are use of alcohol and tobacco, chiefly for cancers in areas of the oral 

cavity, oropharynx, hypopharynx, and larynx[3-5]. Seventy-five percent or more of head and neck 

cancer is caused by alcohol and tobacco[4]. Additionally, those who use both alcohol and tobacco 

are more at risk for developing head and neck cancer than individuals who use either one[4]. 

Another risk factor for developing head and neck cancer is human papillomavirus (HPV)[2]. 

HPV describes over 200 viruses [www.cancer.gov]. Specifically, cancer of the oropharynx is 

strongly associated with HPV, and most cases of head and neck cancer associated with HPV are 

HPV-16 positive[3,6]. It is known that the HPV virus encodes proteins E6 and E7, viral 

oncoproteins that interrupt tumor suppressor genes p53 and Rb, respectively[6]. While tobacco, 

alcohol, and HPV are mentioned as risk factors, there are a multitude of other risk factors 
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including poor oral health, radiation exposure, and occupational exposure such as exposure to 

wood dust [www.cancer.gov].  

Staging of head and neck cancer involves understanding the location of the cancer and 

whether or not the cancer has spread to other parts of the body [www.cancer.net]. The stage of 

the cancer is determined by the Tumor-Node-Metastases (TNM) classification system and uses 

clinical, pathologic, and radiological examinations[7]. The T determines size and degree of 

invasion of the primary tumor; the N classifies metastasis to the lymph nodes and size and 

location of lymph nodes affected, and the M describes if the metastasis has reached beyond the 

lymph nodes[7].  Based on T, N, and M data the cancer is given a stage from I to IV[7]. Stage I 

describes an earlier stage cancer that is minimally invasive, while Stage II and Stage III classify 

the cancer where a tumor has spread, possibly to the lymph nodes[7]. Stage IV is the latest stage 

in which distant metastases has occurred[7]. 

Treatment for head and neck cancer varies, depending on a variety of factors including 

classification and type of the cancer, age, and health [www.cancer.gov]. Early stages of head and 

neck cancer are curable, and treatment can be successful[2]. However, little progress has been 

made over the past few decades for individuals with an advanced diagnosis[2]. Main treatment 

options include surgery, radiation therapy, chemotherapy, targeted therapy, and combinational 

treatment [www.cancer.gov]. Treatment for an individual with head and neck cancer is normally 

determined by a group of specialized individuals from different disciplines[8]. 

 Surgery and radiation are treatment options that have been proven to cure certain cases of 

head and neck cancer[8]. Additionally, since the 1990s, chemotherapy has been an accepted form 

of treatment and used in combination with radiation to increase cure rates[8]. Other forms of 

treatment include immunotherapy and targeted therapy [www.cancer.net]. 
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Some individuals with HNSCC may use a drug that targets a tumor protein called epidermal 

growth factor receptor (EGFR). Transforming growth factor alpha (TGF-α) and its receptor EGFR 

are elevated in individuals with HNSCC[31]. Cetuximab targets EGFR and is an example of this 

class of drugs [www.onclive.com]. It is a monoclonal antibody that binds to the extracellular 

domain of EGFR[32]. 

Immunotherapy is also a recent treatment modality for HNSCC, which targets the immune 

response to help identify and kill cancer cells. Checkpoint inhibitors inhibit cancer cell signaling 

by exposing them to T cells, which are adaptive immune cells [www.cancercenter.com]. 

Checkpoint inhibitors specifically target the programmed cell death protein-1 (PD-1) and 

cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) receptors to help the immune system kill 

cancer cells [www.cancercenter.com].  

Chemotherapy also kills cancer cells, and it is one of the most common treatments used for 

HNSCC [www.cancer.net]. Chemotherapy alone or in combination with surgery is not as 

effective as chemotherapy combined with radiation[8]. Additionally, radiation and chemotherapy 

combination is the most common form of treatment for locally advanced HNSCC[9]. Examples of 

chemotherapeutic drugs used for head and neck cancer are cisplatin, carboplatin, 5-fluorouracil, 

and taxanes[9]. The mechanisms these drugs use are different and not fully understood, but each 

one induces cell death. 

 

1.3 Cell death 

Cell death occurs as a result of normal biological mechanisms and helps an organism 

maintain homeostasis[10]. Cell death also plays an essential role in cancer[10]. Apoptosis and 

necrosis are two of the major forms of cell death characterized by separate pathways[10]. 
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Autophagy, on the other hand, is known for its role in cell survival, but is also involved in the 

cell death process[10].   

Autophagy is a process used by cells for energy and recycling of nutrients, ultimately 

degrading cytosolic proteins and organelles[10]. It typically occurs in response to stress, such as 

starvation, endoplasmic reticulum (ER) stress, or oxidative stress[10]. If there is too much stress in 

the cell, non-apoptotic, type II cell death will occur by autophagy[10]. It can be characterized by 

autophagosome formation and degradation by lysosomal hydrolases[10].  

Necrosis is another type of cell death, which is defined as irreversible death of the body’s 

tissue[14]. Necrosis can be caused by injury, inadequate blood supply, chemicals, and radiation[14]. 

It can be characterized by membrane degradation, leakage of intracellular material, and the 

inflammatory immune response[14].  

While necrosis is not actively controlled, apoptosis is highly regulated[14]. It is a generally 

advantageous form of cell death that is known to play a role in embryonic development and adult 

homeostasis[10, 11]. It is characterized by chromatin condensation, blebbing of the plasma 

membrane, and cleavage of cellular proteins[10, 12].  Apoptosis is known to cause cell suicide 

following DNA damage, which can occur by chemotherapeutic drugs[11]. This type of cell death 

requires the protease activity of caspases, which can occur through two separate pathways: the 

extrinsic or death receptor pathway and the intrinsic or mitochondrial pathway[13] (Figure 2).  

The extrinsic pathway is characterized by a death receptor family member. Examples of this 

are tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) receptor 1 

(TRAILR1), TRAILR2, FAS, and TNF receptor 1 (TNFR1). The receptors are located at the 

plasma membrane and after ligand binding, the caspase cleavage cascade is activated, resulting 
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in cell death[13]. Initiator caspases are caspase-8 and caspase-10, which cleave effector caspase-3 

and caspase-7 and activate them[13]. 

The intrinsic pathway is known to be deregulated in cancer and can be triggered by stressful 

stimuli including ER stress and DNA damage[13]. It is characterized by mitochondrial outer 

membrane permeabilization (MOMP) and cytochrome c release into the cytosol from the 

intermembrane space (IMS)[13]. The caspase cascade is activated through cytochrome c binding 

to adaptor molecule apoptosis protease activating factor 1 (APAF-1) and caspase-9, thereby 

forming a molecular complex known as the apoptosome[12, 13]. After this, effector caspase-3 is 

cleaved and activated by caspase-9, resulting in cell death[12]. For the regulation of cytochrome c, 

the BCL-2 family proteins play an essential role in this pathway[15]. 

 

 
Figure 2: Apoptosis signaling pathways [13] 
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1.4 BCL-2 Family members 

The B-cell lymphoma-2 (BCL-2) family members are known to mediate the intrinsic 

apoptotic pathway in vertebrates[15]. These family members can be divided into pro-apoptotic 

and anti-apoptotic (pro-survival) proteins. Most cells contain a variety of these proteins to 

regulate cell survival and cell death[15].  

All members of the BCL-2 family have a BCL-2 homology (BH) domain and can be further 

subdivided based on which BH domains they contain and function (Figure 3). The anti-apoptotic 

BCL-2 family proteins contain BH1, BH2, BH3, and BH4 domains and are normally localized at 

the outer mitochondrial membrane (OMM), but can also be in the cytosol or on the ER 

membrane[15]. Members of this family include A1, BCL-2, BCL-XL, BCL-w, and myeloid cell 

leukemia-1 (MCL-1) and protect the OMM by inhibiting pro-apoptotic BCL-2 family 

members[15]. Pro-apoptotic BCL-2 family members are divided into multi-domain or effector 

proteins, and BH3 domain-only proteins[15]. Effector proteins include BCL-2 homologous 

antagonist killer (BAK) and BCL-2 associated X protein (BAX), which contain BH1, BH2, BH3, 

and BH4 domains. BH3-only pro-apoptotic BCL-2 family proteins include BCL-2 antagonist of 

cell death (BAD), NOXA, BH3 interacting domain (BID), BCL-2 interacting mediator of cell 

death (BIM), and PUMA[15, 16].  
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Figure 3: BCL-2 family members as defined by BH domains[16] 

 

While BID and BIM are known to directly activate BAK and BAX, the other BH3-only 

proteins can indirectly activate BAK and BAX and are known as “sensitizer” or “de-repressor” 

proteins that have different binding profiles (Figures 4A, 4B)[15]. Sensitizer proteins form 

complexes with anti-apoptotic proteins that are already associated with effector proteins, 

allowing effector proteins to become released and activated[15]. This may happen by induction of 

a de-repressor protein after cellular stress, where an anti-apoptotic protein is bound to an effector 

protein[15]. For example, NOXA binds to the anti-apoptotic protein MCL-1, leading to its 

inactivation[56]. Then, the effector protein can activate BAK or BAX, leading to apoptosis[56]. 

Overall, BH3-only proteins can activate effector proteins to cause apoptosis, while anti-apoptotic 

proteins prevent this (Figure 5). 

 



 

 

10 

 

Figure 4: BCL-2 family members and function. A: BCL-2 family anti-apoptotic proteins 

and pro-apoptotic proteins defined as effectors, direct activators, and de-repressors. B: 

Binding profiles of anti-apoptotic BCL-2 family members[15].  

 

When cell death stimuli are elicited into the cell, mitochondrial apoptosis follows. The 

effector proteins BAX and BAK become activated by sensitizers, direct activators, or a 

combination. When BAX becomes activated, it translocates from the cytosol to the 

mitochondrial membrane, undergoing a conformational change[56]. While the complete 

mechanism is not fully understood, it is also known that the C-terminus transmembrane 

domain inserts into the outer membrane of the mitochondria, and the N-terminus becomes 

exposed[17, 18, 56].  BAK is already localized at the outer membrane of the mitochondria, but 

when it becomes activated, it also goes through a conformational change, exposing its N-

terminus as well[17]. When BAK or BAX become activated, they homo- or hetero-

oligomerize to create a pore in the OMM, leading to MOMP, cytochrome c release into the 

cytosol, and cell death[10, 15].  

 

B A 
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Figure 5: BCL-2 family members mediate apoptosis in the mitochondrial pathway[20] 

 

1.5 Cisplatin 

Cisplatin was discovered by Rosenberg and associates in 1965[24]. They found that cell 

division in Escherichia coli (E. coli) cells near a platinum electrode could be prevented[24]. Since 

then, this compound became a main player in a new class of chemotherapeutic drugs. Other 

platinum-based anticancer drugs include carboplatin and oxaliplatin[26]. 

Cis-Diamminedichloroplatinum (II), which goes by the common name cisplatin, is a 

platinum-based compound that was approved for clinical use for testicular cancer in 1979[23]. It is 
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currently used in combination with other drugs or alone for many cancers including bladder 

cancer, ovarian cancer, testicular cancer, HNSCC, and non-small cell lung cancer[26]. It is the 

most common type of chemotherapeutic drug used for HNSCC 

[www.headandneckcancerguide.org]. Cisplatin treatment can be limited due to toxicity and 

development of resistance[27].   

The molecular structure of cisplatin is Pt(NH3)2Cl2 (Figure 6), and in vitro models have 

proven that the positions of chloride and ammonia groups are required to be “cis” in order to 

function clinically[25]. Additionally, cisplatin can cross-link with DNA, most often between 

guanine-guanine groups, causing DNA damage[25]. This leads to the inhibition of replication and 

the cell death response. The particular mechanism of action involves a nucleophilic substitution 

reaction, where one chlorine atom is replaced by a hydroxyl group, and a covalent bond between 

DNA and cisplatin is formed (Figure 7). The reaction of cisplatin inside the cell is an aquation 

reaction, and cisplatin binds to the N7 guanine position, forming either a 1,2- or 1,3-intrastrand 

crosslink.  

 

 

Figure 6: Molecular structure of Cisplatin  

 

http://www.jmfinechemicals.com/product/cisplatin-2/] 



 

 

13 

 
Figure 7: Mechanism of action of Cisplatin[28].  

 

Cisplatin is known to lead to apoptosis through the BCL-2 family-pathway, and in particular, 

the transcription of NOXA is induced[26]. NOXA induces cell death by MCL-1 degradation and 

MCL-1 phosphorylation occurs prior to degradation[27]. Specifically, phosphorylations at sites 

Ser64 and Thr70 occur on MCL-1[27]. Regulation of phosphorylation requires that MCL-1 and 

CDK2 (cyclin dependent kinase 2) form a complex. When NOXA binds to this complex, 

phosphorylation is enhanced[27]. Thus, a major regulatory mechanism is facilitated by the 

NOXA, MCL-1, CDK2 complex[27]. Ultimately, it was found that the induction of NOXA by 

cisplatin was essential for apoptosis, and this occurs in a p53-independent manner[30]. It was 

further identified that ATF3 and ATF4 play a role in the regulation of Noxa mRNA induction by 

cAMP response element (CRE) on the NOXA promoter when cisplatin was treated[30]. While 

NOXA is induced by cisplatin in a p53-independent manner, it has also been found that cisplatin 
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can induce apoptosis in a p53-dependent manner because it was originally discovered that 

NOXA was a p53 target gene. 

 

1.6 p53 

 p53 is a tumor suppressor protein that serves as a transcriptional regulator in response to 

DNA damage[8] and causes both DNA repair and apoptosis[10, 21]. When cells are damaged, ataxia 

telangiectasia mutated (ATM) and ataxia telangiectasia and Rad3-related (ATR) kinases are 

activated, phosphorylating p53 and mouse double minute 2 homolog (MDM2), disrupting the 

p53 and MDM2 interaction[10]. MDM2 binds to the N-terminal transactivation domain of p53 

and serves as an E3 ubiquitin ligase, functioning to degrade p53[57]. When the interaction 

between p53 and MDM2 is interrupted, p53 is stabilized. From here, p53 is upregulated, 

activating many proteins involved in apoptosis and cell regulation[10, 21].  

 When DNA damage occurs, p53 can induce a CDK inhibitor p21, cause G1 arrest in the 

cell cycle, repair the DNA, and resume cell division[8]. However, if the cell undergoes DNA 

damage that is detected by the cell as too much, apoptosis can be initiated by p53[8]. p53 is 

mutated or deleted in many cancers because it plays a key role in cell cycle regulation, apoptosis, 

and DNA repair[10]. In HNSCC, p53 mutations are among the most common genetic 

alterations[22]. The most common mutation occurs in the DNA binding domain due to a missense 

mutation[21], rendering it inactive as a transcription factor[10]. Because p53 mutations are common 

in cancer, there is development of p53-independent mechanisms of treatment. 

 

1.7 NOXA and MCL-1 
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Cisplatin was found to induce NOXA in both p53-dependent and p53-independent 

manners[27, 57]. NOXA is a BH3-only BCL-2 family member that is involved in the mitochondrial 

apoptotic pathway. In 1990, Hijikata and associates cloned the first Noxa cDNA from an adult T-

cell leukemia (ATL) library, and its transcript was induced by phorbol 12-myristate 13-acetate 

(PMA) treatment in Jurkat T-cell acute lymphoblastic leukemia, peripheral blood mononuclear 

cells, and embryonic lung cells[33]. Therefore, it was given the name ATL-derived PMA 

responsive gene (APR)[33]. It was then named PMA-induced protein 1 (PMAIP1), but the 

function of this protein remained unknown for another 10 years[34]. 

The protein was rediscovered in mouse embryonic fibroblasts when it was found that cDNA 

encoded a 103-amino acid protein and was named NOXA, which is Latin for damage[34]. It was 

revealed that NOXA contained only a BH3 domain, categorizing it as a BH3-only BCL-2 family 

member[35]. It was also found that the structures of mouse and human NOXA are different 

because mouse NOXA is approximately twice as long as the human isoform and has two BH3 

domains (Figure 8)[34]. Both mouse and rat NOXA contain three exons, which is the same 

number for humans[34].  
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Figure 8: Sequences of human, rat and mouse NOXA[34]. The mitochondrial targeting sequence 

(MTD) and BH3 domains are shown. 

 

 NOXA is the smallest of the BH3-only BCL-2 family proteins with just 54 residues in 

human and selectively interacts with the anti-apoptotic BCL-2 family member MCL-1 to cause 

apoptosis[34]. DNA damage can cause NOXA to induce apoptosis. NOXA-induced apoptosis 

requires a functional BH3 domain, and overexpression causes NOXA to localize to the 

mitochondria by its MTD[35, 36]. Then, NOXA becomes ubiquitinated on lysine residues and 

MCL-1 is recruited to the mitochondria from the cytosol by binding to NOXA’s BH3 domain[36]. 

MCL-1 and CDK2 form a complex, and CDK2 facilitates the phosphorylation of Ser64 and 

Thr70, which is required for MCL-1 ubiquitination (Figure 9)[27]. From here, MCL-1 is degraded 

and apoptosis follows. 



 

 

17 

 

Figure 9: Mechanism of NOXA induction leads to apoptosis [27] 

 

MCL-1 is an anti-apoptotic protein that was identified during PMA-induced differentiation of 

myeloid leukemia cells in 1993[37]. It was identified as a BCL-2 family member, being the 

second protein to be discovered in that family[38]. MCL-1 contains three BH domains and is 

notably different from other BCL-2 family members in structure because it consists of 350 amino 

acids[38]. Other large BCL-2 family members are BCL-2, which is 139 amino acids and BCL-XL, 

which is 233 amino acids. MCL-1 contains a hydrophobic groove on its surface for the binding 

of other proteins with BH3 domains[39]. Its anti-apoptotic function comes from its binding to 

BAK, which sequesters and inhibits the apoptotic function[38]. MCL-1 has a N-terminus portion 



 

 

18 

that is not homologous with the BCL-2 family and plays a large role in its function and 

regulation through changes in stability, transcription, and localization[38]. Kozopas and associates 

identified the region as rich in Proline (P), Glutamic acid (E), Serine (S), and Threonine (T) 

residues, which causes a short half-life of MCL-1 and is named the PEST region[37].  

MCL-1 can be activated by many survival and differentiation signals and its expression is 

controlled at transcriptional, post-transcriptional, and post-translational levels[41]. The 

phosphorylation of glycogen synthase kinase 3 (GSK-3) at multiple residues is key to MCL-1 

degradation[38]. However, extracellular signal-related kinase 1 (ERK1) phosphorylation at 

Threonine 163 stabilizes MCL-1[38]. As is the case of DNA damaging agents where MCL-1 can 

be translocated by NOXA, causing its degradation and apoptosis for the cell, MCL-1 can be 

cleaved and inactivated by caspases, leading to apoptosis as well[30, 42]. There are many 

chemotherapeutic drugs that target NOXA, leading to the degradation of MCL-1 and the 

apoptotic pathway. Cisplatin is a FDA-approved drug that has been shown to induce NOXA and 

fenretinide is a drug currently in many clinical trials that has also been shown to induce NOXA. 

 

1.8 Fenretinide 

Fenretinide is an orally available analogue of retinol (Vitamin A) that is currently used in 

clinical trials due to its antineoplastic and chemopreventative actions [www.cancer.gov]. It is 

different from other naturally occurring retinoids because it does not induce systemic catabolism, 

which would interfere with regulation of plasma levels with long-term usage 

[www.cancernetwork.com]. Other unique biologic effects of fenretinide are production of 

reactive oxygen species (ROS) and lipid second messengers that may be involved in cell death 
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induction of transformed, premalignant, and malignant cells[43]. Additionally, fenretinide has low 

toxicity and the ability to arrest tumorigenesis [www.cancernetwork.com].  

Fenretinide’s chemical name is N-4(-hydroxyphenyl)retinamide, and its structure can be seen 

in  Figure 10. It is known to activate retinoic acid receptors (RARs) and subsequently induce cell 

differentiation and cell death in cancers [www.cancer.gov]. It can also induce cell death in tumor 

cells by regulating growth factors associated with angiogenesis that is RAR-independent 

[www.cancer.gov]. It has been shown to kill cancer cells in vitro and in vivo[44-48]. In animal 

models, fenretinide has shown anti-cancer effects in breast, skin, pancreas, and prostate 

tumorigenesis[45, 46]. It has also been shown to slow prostate cancer progression in men and breast 

cancer in women[47, 48]. Additionally, fenretinide can induce apoptotic cell death in HNSCC cells 

at doses that are clinically relevant[44].  

 
Figure 10: Chemical structure of Fenretinide 

[https://pubchem.ncbi.nlm.nih.gov/image/imgsrv.fcgi?cid=5288209&t=l] 
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Fenretinide has been shown to induce ER stress through a RAR-independent pathway in 

neuroblastoma and melanoma cells[49]. When these cells were treated with fenretinide, the 

eukaryotic initiation factor 2 alpha (eIF2α)-ATF4 signaling pathway mediated ER-induced 

apoptosis[49]. When eIF2α signaling was induced by fenretinide, there was subsequently 

increased expression of eIF2α, ATF4, ATF3, and GADD34 and induction of NOXA[49]. When 

NOXA is induced, MCL-1 is sequestered and inactivated and apoptosis ensues[50].  

 

1.9 ABT-263 (Navitoclax) 

 While Fenretinide can inactivate the anti-apoptotic protein MCL-1, ABT-263 can 

inactivate other anti-apoptotic proteins. ABT-263 is a BH3 mimetic drug that is orally available 

and inhibits BCL-2, BCL-XL, and BCL-w function so that apoptosis can occur[51]. It is currently 

undergoing many clinical trials due to its pro-apoptotic activity in many cancer cell types, and 

most notably in small cell lung cancer (SCLC)[53]. ABT-263 prevents the binding of BCL-2 and 

BCL-XL to BAK and BAX, triggering cell death [www.cancer.gov].  

ABT-737 is a prototype of ABT-263, but its chemical properties make it difficult for use 

as a chemotherapeutic agent, as it is not orally available and has low aqueous solubility[51]. This 

is why ABT-263 has been synthesized so that it can be used orally and as a single agent[51]. To 

produce ABT-263, scientists identified key sites on ABT-737 that needed to be modified because 

they effected oral absorption, metabolism, and charge balance (Figure 11)[51]. ABT-263 

incorporated these factors and the sites were modified (Figure 11)[51].  
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Figure 11: Chemical structures of ABT-737 and ABT-263[51] 

 

The mechanism of ABT-263 has been proven to exhibit cytotoxicity to cancer cells by 

inhibiting BCL-2 family members BCL-2 and BCL-XL through protein-protein interactions[51]. 

The particular protein-protein between anti-apoptotic proteins to pro-apoptotic proteins are 

between the hydrophobic groove of the anti-apoptotic protein and BH3 domain of its partner[54]. 

ABT-263 interrupts this interaction so that the hydrophobic groove of the anti-apoptotic protein 

is now bound to ABT-263[55]. As a small-molecule inhibitor, ABT-263 targets the BH3 domain 

interaction, and this is why it is called a BH3 mimetic chemotherapeutic drug[55]. 

Immunoprecipitation studies found that BIM and BCL-XL interaction was decreased with ABT-

263, as well as BIM and BCL-2 interaction[53]. However, it was shown that ABT-263 did not 

inhibit the anti-apoptotic protein MCL-1[53].  

ABT-263 has been proven to exhibit cytotoxicity to SCLC cells in vitro and in vivo[51]. It 

has also been shown that dose increase can induce thrombocytopenia, reducing circulating 

platelets[52].  However, this effect can be reversible and monitored[51]. The effects of ABT-263 
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are significant both as a single agent and combined with chemotherapy[51]. Faber and associates 

assessed the sensitivity of ABT-263 across over 500 cell lines and found that those with high 

BIM expression were sensitive to ABT-263, making SCLC cells one of the most sensitive to this 

drug[53]. However, ABT-263 did not have cytotoxic effects on cancer cells that had high levels of 

MCL-1[53]. In cancers with expression of MCL-1, it could be useful to combine NOXA-inducers 

with ABT-263 to inhibit all anti-apoptotic BCL-2 family members. For example, fenretinide and 

ABT-737 exhibited synergistic effects in melanoma. This drug combination resulted in induction 

of NOXA and caspase-dependent degradation of MCL-1[50]. 
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Hypothesis 

 

Cisplatin is a FDA-approved chemotherapeutic drug for HNSCC that has been proven to induce 

NOXA, a pro-apoptotic BCL-2 family member and lead to cell death through the apoptotic 

pathway. NOXA binds to MCL-1, leading to its inactivation and degradation, causing BAK to be 

activated and released. Additionally, fenretinide is known to induce NOXA through ER stress to 

similarly inactivate MCL-1. While NOXA-inducing drugs can inhibit MCL-1, ABT-263 can 

inactivate other anti-apoptotic family members such as BCL-2 and BCL-XL. We hypothesize 

that the induction of NOXA in HNSCC cells in combination with ABT-263 treatment will 

efficiently induce apoptosis by simultaneously inhibiting all pro-survival BCL-2 family 

proteins. 
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Specific Aims 

 

3.1 The first aim is to determine the underlying molecular mechanisms of cell death 

induced by Adenovirus-mediated NOXA expression (Ad-NOXA) or Ad-NOXA with ABT-

263 combination treatment.  

Cell death was analyzed by Western Blot and fluorescence activated cell sorting (FACS) 

analyses through Annexin V- Propidium Iodide (PI) staining. The lentiviral short-hairpin BAK 

(shBAK), BAX (shBAX), and BIM (shBIM) were introduced into HNSCC cells to determine 

involvement of these BCL-2 family members in Ad-NOXA-induced cell death. 

Immunoprecipitation experiments were done with MCL-1 and BAK to determine the BCL-2 

family member interactions when NOXA was overexpressed.  

 

3.2 The second aim is to determine the underlying molecular mechanisms of cell death 

induced by Fenretinide or Fenretinide with ABT-263 combination treatment. 

Cell death was analyzed by Western Blot and FACS analyses through Annexin V-PI staining.  
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Materials and Methods 

 

4.1 Cell lines and cell culture 

 HN8 and HN12 were provided by Dr. W. Andrew Yeudall (Augusta University). 

UMSCC1 was provided by Dr. Yue Sun (Virginia Commonwealth University), and UMSCC47 

was provided by Dr. Iain Morgan (Virginia Commonwealth University). Mouse cell lines 601, 

602, 604, 606, and 613 was established by Dr. Hisashi Harada by extracting tumors from mice 

tongues. Four to six-week-old female C57BI/6 mice were given 50 μg/ml of 4-nitroqinoline 

oxide (4NQO) into their drinking water for 16 weeks. The 4NQO mouse model is well known, 

causing preneoplastic histological changes that come from DNA damage and genetic 

mutations[29]. 4NQO mimics human exposure to tobacco carcinogens and causes tumor 

formation in the oral cavity[29]. Once tumors formed, they were excised and cultured into 5 

different cell lines from five different mice.   

HN8, HN12, UMSCC1, and UMSCC47 were cultured in Dulbecco’s Modified Eagle 

Medium (DMEM) (Life Technologies) and supplemented with 10% heat-inactivated fetal bovine 

serum (FBS) (Gemini Bio-Products, West Sacramento, CA) and 100 μg/mL penicillin 

G/streptomycin (Invitrogen) at 37°C in a humidified, 5% CO2 incubator. 601, 602, 604, 606, and 

613 were cultured in RPMI 1640 medium with addition of 10% heat-inactivated fetal bovine 

serum (FBS) (Gemini Bio-Products, West Sacramento, CA) and 100 μg/mL penicillin 

G/streptomycin (Invitrogen) at 37°C in a humidified, 5% CO2 incubator. 293T cells were 

purchased from American Type Culture Collection (Mannassas, VA).  

 

4.2 Adenovirus production 
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NOXA-expressing adenovirus (Ad-NOXA) was constructed by inserting Flag-tagged NOXA 

cDNA into pAdTrack-CMV vector (Addgene, Cambridge, MA), while the control adenovirus 

contained the vector alone. The adenovirus could then be used for treatment in human and mouse 

cell lines. 

 

4.3 Lentivirus production 

Lentiviral short-hairpin RNA (shRNA) expressing constructs were purchased from Sigma-

Aldrich (St. Louis, MO) or Open Biosystems (Huntsville, AL). Constructs were transfected with 

packaging plasmids (Addgene, Cambridge, MA) into 293T packaging cells with EndoFectin 

Lenti (GeneCopoeia, Rockville, MD) and the supernatants containing the lentivirus were 

collected. The cell line of interest was seeded in a 6-well plate and the media was removed the 

next day. Then, 1 mL of media and 1 mL of supernatant containing the lentiviruses were added 

into each well with 2 μL of 10mg/mL polybrene. After this, the 6-well plate was spun down in a 

centrifuge at 2000 rpm for 1 hour to allow the viruses to bind to the cells. Stable cell lines were 

established by puromycin (2μg/mL) selection. 

 

4.4 Antibodies and Chemicals 

Fenretinide and ABT-263 were purchased from ApexBio Tech (Houston, TX). Antibodies for 

BIM, BAK, PARP, Cleaved PARP (Asp214), GAPDH (D16H11), MCL-1 (for mouse cells), 

HRP-linked anti-rabbit IgG, HRP-linked anti-mouse IgG, and Anti-Rabbit IgG conformation-

specific were from Cell Signaling Technology (Beverly, CA); NOXA (114C307.1) was from 

Thermo Fisher Scientific (Waltham, MA); MCL-1 (ADI-AAP-240-F) was from Enzo Life 

Sciences (Farmingdale, NY). ECL2 Western blotting substrate (80196) was purchased from 
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Thermo Fisher Scientific (Rockland, IL). Annexin V-APC was purchased from Invitrogen by 

Thermo Fisher Scientific (Waltham, MA). Propidium Iodide was purchased from Sigma Aldrich 

(St. Louis, MO). 

 

4.5 Western blot analyses 

Whole HNSCC cell lysates were prepared with CHAPS lysis buffer [20 mM Tris (pH 

7.4), 137 mM NaCl, 1 mM dithiothreitol (DTT), 1% CHAPS (3-[(3-Cholamidopropyl) 

dimethylammonio]-1-propanesulfonate)], 1:200 ratio of protease inhibitor cocktail, and 1:100 

ratio of phosphatase inhibitor cocktails 2 and 3 (Sigma-Aldrich, St. Louis, MO)]. Protein 

concentrations were determined by the Bradford method on a spectrophotometer (Bio-rad, 

Hercules, CA), and equal amounts were loaded onto SDS-polyacrylamide gels. The gel was run 

at 180 Volts for approximately 45 to 60 minutes. Then the gels were transferred onto 

nitrocellulose membranes (Fisher Scientific, Pittsburgh, PA) at 100 Volts for 60 minutes. 

Blocking occurred as the next step for approximately 30 minutes with a blotting solution [5% 

skim milk in PBST (1 x PBS with 0.1% Tween-20)]. Specific primary antibodies were incubated 

overnight at 4°C. The next day, the membrane was washed with PBST for five minutes in three 

separate washes and then incubated with a secondary antibody for one hour at room temperature. 

The secondary antibodies were either HRP-linked anti-rabbit IgG or anti-mouse IgG antibodies. 

The last step is development using ECL-2 Western Blotting Substrate (Thermo Fisher 

Scientific).  

 

4.6 Fluorescence Activated Cell Sorting (FACS) analyses 
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Human HNSCC cells (1 x 105) or 2 x 105 mouse HNSCC cells per well in 1mL of medium were 

seeded in a 12-well plate and treated with Ad-NOXA, fenretinide (10 μM), ABT-263 (1 μM for 

human cells and 0.5 μM for mouse cells), or in combination. The control was treated with control 

adenovirus. Cells were trypsinized 24 hours later and spun down for two minutes at 8000 rpm. 

The supernatant was aspirated and pellets were suspended with 1mL of cold 1 x PBS. This was 

spun down again for two minutes at 8000 rpm, and each pellet was suspended with 100 μL of 1 x 

Binding Buffer [10mM Hepes (pH 7.4), 140mM NaCl, and 2.5mM CaCl2] and transferred to a 

5mL polystyrene tube. Then, 13 μL of propidium iodide (10μL)-Annexin V APC (3 μL) was 

added to each tube. In order to avoid bleaching the dyes, the tubes were left in the dark for 15 

minutes. After 15 minutes, 400 μL of 1 x Binding Buffer was added to each tube, and flow 

cytometric analysis was done using FACScan (BD Biosciences, San Jose, CA). 

 

4.7 Crystal Violet assay 

Cells were seeded in microtiter plates (96 wells) with 1 x 104 cells per well in 100 μL of 

medium. On the following day, cells were treated with combinations of Ad-NOXA and 

fenretinide with ABT-263. After 72 hours, the media was aspirated and 100 μL of 10% Buffered 

Formalin Phosphate solution (Fisher Scientific, Hampton, NH) was added to each well for 10 

minutes. Then, the solution was aspirated and 100 μL of 0.05% Crystal Violet Gram Stain 

(Fisher Scientific, Hampton, NH) was added. After approximately 30 minutes, the wells were 

washed with distilled water and dried.  

 

4.8 Immunoprecipitation analysis 
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Whole HNSCC cell lysates were prepared with CHAPS lysis buffer. Equal amounts of protein 

were incubated with appropriate antibodies at 4°C overnight. Then the antibody complexes were 

captured with protein A/G beads (Pierce, Rockford, IL) at 4°C for 1 hour. After washing three 

times with CHAPS lysis buffer at 8000 rpm for 15 seconds, the beads were re-suspended in the 

same wash and loaded onto a SDS-polyacrylamide gel. The procedures of Western blot is 

described in the above section (Section 4.5). If the protein of interest was around 25 or 50 kD, 

the membrane was incubated with an anti-rabbit IgG conformation-specific antibody. Then, the 

membrane was washed three times in PBST for approximately 5 minutes each wash. After this 

wash, the secondary antibody was added. Secondary antibodies were either HRP-linked anti-

rabbit IgG or anti-mouse IgG antibodies.  

 

4.9 Statistical Analyses 

The mean is represented in bar graphs, and standard deviation are indicated through the error 

bars in the graph (Mean ± standard deviation). P-values were calculated using t-test in order to 

determine the statistical significance of data. P-values less than 0.05 indicate that the results are 

statistically significant. 
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Results 

The results presented below clarify the aims of this project in association with each result. 

5.1 Human HNSCC cell lines and characteristics 

 The human HNSCC cell lines and important characteristics are located in Figure 12. HN8 

and HN12 originate from the lymph node and this means they are post-metastatic. In HN8, the 

patient’s pre-metastatic cells are from the epiglottis. In HN12, the patient’s pre-metastatic cells are 

from the base of tongue. The p53 gene is deleted in HN8 and truncated in HN12. A point mutation 

was found in HN12 cDNA at the exon 7 splice donor site[59], which is why there is lack of a band 

at 53 kDa in Western blotting (Figure 12, Right). Additionally, UMSCC47 and UMSCC1 possess 

wild-type (WT) p53. Additionally, the HPV status is negative in all human cell lines used, except 

for UMSCC47. It is HPV-16 positive [www.sigmaaldrich.com] and this is important because HPV 

encodes viral oncoprotein E6, which interrupts p53 function[6]. 

 

Figure 12: Human HNSCC cell lines and characteristics. Left: Chart characterizing the cell 

origin, p53 status, and HPV status for each human HNSCC cell line. Right: Western blot of HN8, 

HN12, UMSCC1, and UMSCC47 untreated cells. Cells were seeded in a 6-well plate and 

harvested overnight. Equal amounts of samples were analyzed with the antibodies indicated in this 

figure. 
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Figure 12 also shows MCL-1, BIMEL, and NOXA levels in HNSCC cell lines. The MCL-

1 level appears to be higher in HN12 and lower in UMSCC1 and UMSCC47. Additionally, BIMEL, 

(BIM extra-large, the most abundant isoform of BIM[58]), is lower in UMSCC47 compared to other 

cell lines. Also, the level of NOXA is highest in HN12. GAPDH was used to confirm equal loading 

of cell lysates. 

 

5.2 Ad-NOXA alone or Fenretinide alone can induce cell death in HN8 

 

 To examine the reaction of HN8 to drug treatment by Western blot, cells were seeded in a 

6-well plate and treated with Ad-NOXA, fenretinide (10 μM), ABT-263 (1 μM), or combinations 

(Figure 13, Left). The control was treated with control adenovirus (vector alone). The cells were 

harvested overnight and the lysates were probed with cleaved PARP, MCL-1, BIM, NOXA, and 

GAPDH. Cleaved PARP is an indicator of apoptosis because PARP cleavage occurs by caspase-

3 during the mitochondrial apoptotic pathway.  

 Similar analysis was done using FACS to determine the amount of cell death that was 

qualitatively assessed in the Western blot. For FACS, HN8 cells were seeded in a 12-well plate 

and treated in duplicates with control adenovirus, Ad-NOXA, fenretinide (10 μM), ABT-263 (1 

μM), or combinations (Figure 13, Top Right). After 24 hours, cells were trypsinized and FACS 

analysis was performed.  

 HN8 has a certain amount of cell death when treated with Ad-NOXA or fenretinide 

alone. This can be confirmed through both Western blot and FACS analysis (Figure 13). The 

Western blot shows increased cleaved PARP with single treatment. However, combinational 

treatments of Ad-NOXA or Fenretinide with ABT-263 appear to increase cell death even more, 

as indicated by cleaved PARP. FACS analysis is consistent with this result as well. However, the 
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effect appears to be additive, rather than synergistic. Additionally, the Western blot shows that 

NOXA is highly expressed by Ad-NOXA and is strongly induced by fenretinide treatment. 

 To confirm that combinational treatment can completely kill HN8 cells, crystal violet 

assays were performed (Figure 13, Bottom Right). The crystal violet staining shows that cells 

have completely died with combinational treatment by the 72-hour point. 

 

HN8

 
Figure 13: Ad-NOXA alone or Fenretinide alone can induce cell death in HN8. Left: Cells 

were treated with indicated drugs overnight and samples were analyzed by Western blotting with 

cleaved PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was used to confirm that loading 

of lysates was equal. Top Right: Cells were treated with the indicated drugs for 24 hours and 

FACS analysis was performed to determine the amount of apoptosis (N = 3). Error bars 

representing standard deviation are shown by a line through each bar, and the percent of 

apoptosis can be seen on top of each bar. Bottom Right: Crystal violet assays were performed 

for combinational treatments. Cells were seeded in triplicates in a 96-well plate and the assays 

were performed 72 hours after treatment. 
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5.3 Ad-NOXA-induced cell death in HN8 is apoptosis 

Due to the data suggesting that HN8 has a certain amount of cell death with NOXA 

induction alone, this cell line was used to explore both aims of this project. This section provides 

the results that address the mechanisms of Ad-NOXA in HN8 for the first part of Aim 1. First, 

the type of cell death induced by NOXA was analyzed to be apoptosis by using Q-VD-OPH 

(Quinoline-Val-Asp-Difluorophenoxymethyl Ketone), an irreversible inhibitor of caspase-1, 

caspase-3, caspase-8, and caspase-9 [www.enzolifesciences.com]. FACS analysis showed that 

when HN8 was treated with Ad-NOXA alone, cell death occurred to a significant amount 

(Figure 14). Ad-NOXA-induced cell death is mainly apoptosis because when Q-VD-OPH was 

added, cell death was dramatically decreased. 

 

HN8 

 

Figure 14: Ad-NOXA alone induces apoptosis in HN8. Cells were seeded in a 12-well plate and 

treated in duplicates with Control adenovirus (Ad-Con), Ad-NOXA, Q-VD-OPH with Ad-Con, 

and Q-VD-OPH with Ad-NOXA. The cells were trypsinized after 24 hours and analyzed using 
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FACS to determine the amount of apoptosis. The percent of apoptosis can be seen on top of each 

bar. 

 

5.4 BAK contributes to NOXA-induced apoptosis 

Now it is confirmed that NOXA-induced cell death is mainly apoptosis, the next step was 

to examine which BCL-2 family members contribute to NOXA-induced apoptosis to further 

address Aim 1. Short-hairpin RNA (shRNA) for BAK, BAX, or BIM were introduced in HN8 by 

lentiviruses. Each cell line was treated with Ad-Con or Ad-NOXA. Figure 15 shows that shBAK, 

shBAX, and shBIM stable cell lines were established and the expression of each protein was not 

altered by Ad-NOXA. For the control (shC), non-targeting shRNA was introduced. 

 

HN8 

 
Figure 15: HN8 established shRNA knockdown cell lines for BAK (shBAK), BAX (shBAX), 

and BIM (shBIM). Lentiviruses encoding short-hairpin BAK, (shBAK), BAX (shBAX), BIM 

(shBIM), and scrambled control (shC) were infected in HN8 cells and stable cell lines were 

established with puromycin selection. The cells were then treated with Ad-Con and Ad-NOXA 

for 16 hours followed by Western blotting. GAPDH was used to show equal loading of cell 

lysates. 
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 Once stable knockdowns were established for proteins of interest, FACS analysis was 

performed to see if BAK, BAX, or BIM contributed to cell death (Figure 16). The knockdown 

cell lines for BAK, BAX, and BIM were treated with Ad-Con and Ad-NOXA for 24 hours 

followed by FACS. The FACS analysis clearly shows a significant difference between HN8 

shBAK treated with Ad-NOXA from HN8 shC with Ad-NOXA. There was no such difference in 

shBAX and shBIM cell lines, indicating that BAK contributes to NOXA-induced cell death in 

HN8 cells. 

HN8 

 
Figure 16: BAK is contributing to cell death. The cells in Figure 15 were treated with Ad-Con 

and Ad-NOXA for 24 hours followed by FACS to determine total amount of apoptosis (N = 3). 

Error bars representing standard deviation are shown by a line through each bar, and percentage 

of apoptosis for each cell line treatment is seen above each bar. 

 

5.5 The mechanism of NOXA-induced cell death 
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 Because the above results suggest that BAK is contributing to NOXA-induced apoptosis, 

the interactions of BIM, BAK, MCL-1, and NOXA were studied through immunoprecipitation 

experiments to further examine the mechanism for Aim 1 (Figure 17). The input is HN8 cells 

treated with Ad-Con and Ad-NOXA for 16 hours. This is used as a control and is consistent with 

previous Western blot in Figure 13, showing that apoptosis is induced with Ad-NOXA alone 

because cleaved PARP is present. Additionally, NOXA is shown to be induced with Ad-NOXA. 

 The MCL-1 immunoprecipitation has interesting results (Figure 17, Left). 

Immunoprecipitated MCL-1 is seen to interact with BAK and BIM before NOXA induction.  It 

is known that NOXA selectively binds to MCL-1[34], and a strong binding of NOXA to 

immunoprecipitated MCL-1 can be seen in the Western blot (Figure 17, Left). After induction of 

NOXA, it binds to MCL-1, causing its inactivation. Then, BIM-MCL-1 and BAK-MCL-1 

complexes are dissociated, which is suggested by the Western blot (Figure 17, Left). Next, the 

conformation change of BAK was examined by using a conformation-specific antibody to 

precipitate activated BAK. The Western blot shows a clear difference in band intensity for this 

specific BAK after NOXA is induced, indicating that a conformational change occurred (Figure 

17, Right). The model for this data can be seen in Figure 18. 
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HN8 

Figure 17: HN8 Immunoprecipitation experiments show BCL-2 family member 

interactions. HN8 cells (4 x 106) were seeded in a 10 cm dish in 10 mL of medium and treated 

with Ad-Con and Ad-NOXA the following day. After 16 hours, cells were harvested and equal 

amounts of protein were incubated with IgG, MCL-1 (Left), or conformation-specific BAK 

(Right) antibodies. The input represents 40/500 of the immunoprecipitated lysates. Left: 

Immunoprecipitation with MCL-1. Right: Immunoprecipitation with BAK that has undergone a 

conformational change. GAPDH was used to show equal loading of cell lysates. 
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Figure 18: The mechanism of cell death induced by NOXA. When NOXA is induced, it 

sequesters MCL-1 from BAK. Then, BAK changes conformation, becomes activated, and 

oligomerizes on the mitochondrial membrane. MOMP occurs followed by cytochrome c release 

from the IMS into the cytosol and apoptosis occurs. 

 

5.6 Fenretinide alone can induce cell death in HN8 

 

 Next, HN8 response to fenretinide was studied because fenretinide alone can efficiently 

induce apoptosis in HN8. This was done for the purpose of studying the mechanism of 

fenretinide-induced cell death in Aim 2. Both Western blot and FACS analysis show that NOXA 

is induced by fenretinide alone and in combination with ABT-263 (Figure 19). When the 

lentivirus encoding short-hairpin NOXA (shNoxa) is infected in HN8 cells, a clear decrease in 

the intensity of cleaved PARP can be seen as compared to HN8 shC with Western blot for 

fenretinide treatment. Similarly, there is a difference in intensity of cleaved PARP for 

combinational treatment of fenretinide with ABT-263 for HN8 shNOXA versus HN8 shC 

(Figure 19). This suggests that NOXA is contributing to cell death when HN8 is treated with 

fenretinide alone and in combination with ABT-263. FACS analysis is consistent with the 
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Western blot, showing more cell death comes from fenretinide and ABT-263 combination than 

fenretinide alone. Additionally, cell death comparison between combinational treatment in HN8 

shC and shNOXA is significant, suggesting NOXA is important for fenretinide-induced cell 

death. 

 

 

HN8 

 
Figure 19: NOXA is contributing to Fenretinide-induced cell death. Lentiviruses encoding 

short-hairpin NOXA, (shNoxa) and scrambled control (shC) were infected in HN8 cells. Top: 

shC and shNoxa cells were treated with indicated drugs and harvested after 16 hours followed by 

Western blotting. Cells were probed with Cleaved PARP, NOXA, and GAPDH. GAPDH was 

used to show equal loading of cell lysates. Bottom: HN8 shC and shNOXA cells were treated 

with indicated drugs and trypsinized after 24 hours followed by FACS analysis. Error bars 

representing standard deviation are shown by a line through each bar. 
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5.7 Ad-NOXA or Fenretinide combined with ABT-263 show synergistic effects in HN12 

 HN8 can experience cell death with Ad-NOXA and fenretinide treatment alone. 

However, single treatment did not induce cell death in HN12, UMSCC1, or UMSCC47. These 

three cell lines were used to examine the mechanisms of combinational treatment as stated in 

Aim 1 and Aim 2. To examine the reaction of HN12 to drug treatment by Western blot, cells 

were seeded in a 6-well plate and treated with Ad-NOXA, fenretinide (10 μM), ABT-263 (1 

μM), or combinations (Figure 20, Left). The control was treated with Ad-Con. The cells were 

harvested overnight and the lysates were probed with cleaved PARP, MCL-1, BIM, NOXA, and 

GAPDH.  

 Similar analysis was done using FACS to confirm cell death amount that was 

qualitatively assessed by Western blotting. For FACS, HN12 cells were seeded in a 12-well plate 

and treated in duplicates with Ad-Con, Ad-NOXA, fenretinide (10 μM), ABT-263 (1 μM), or 

combinations (Figure 20, Top Right). After 24 hours, cells were trypsinized and FACS analysis 

was conducted.  

 Combinational treatments of Ad-NOXA or fenretinide with ABT-263 appears to have 

synergistic effects in HN12, as compared to single treatment. This is consistent in both Western 

blot through the amount of cleaved PARP and FACS analysis through the amount of apoptosis 

(Figure 20). Additionally, the Western blot shows that Ad-NOXA induces NOXA, but 

fenretinide alone and combined with ABT-263 do not induce NOXA. 

 To confirm that combinational treatment completely kills HN12 cells, crystal violet 

assays were done (Figure 20, Bottom Right). The crystal violet staining shows that cells have 

completely died with combinational treatment by the 72-hour point. 
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HN12 

Figure 20: Ad-NOXA or Fenretinide in combination with ABT-263 has synergistic effects 

in HN12. Left: Cells were treated with indicated drugs for 16 hours, and samples were analyzed 

by Western blots with cleaved PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was used to 

confirm that loading of lysates was equal. Top Right: Cells were treated with the indicated drugs 

for 24 hours, and FACS analysis was performed to determine the amount of apoptosis (N = 5). 

Error bars representing standard deviation are shown by a line through each bar, and the percent 

of apoptosis can be seen on top of each bar. Bottom Right: Crystal violet assays were performed 

for combinational treatments. Cells were seeded in triplicates in a 96-well plate, and the assays 

were performed 72 hours after treatment. 

Combination of ABT-263 and Ad-NOXA showed synergistic effects in HN12, resulting 

in cell death. Ad-NOXA with ABT-263-induced cell death is mainly apoptosis because cell 

death was dramatically decreased when Q-VD-OPH was added with Ad-NOXA and ABT-263 

(Figure 21).  
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HN12 

 
Figure 21: Combinational treatment of HN12 induces apoptosis. Cells were treated with Ad-

Con, Ad-NOXA and ABT-263,  Ad-Con with Q-VD-OPH, or Ad-NOXA and ABT-263 with Q-

VD-OPH. The cells were trypsinized after 24 hours and analyzed using FACS to determine the 

amount of apoptosis. The percent of apoptosis can be seen on top of each bar. 

 

5.8 The role of BIM in Ad-NOXA and ABT-263 combination-induced cell death in HN12 

Next, an immunoprecipitation experiment was done in HN12 cells to examine the 

mechanism of combinational treatment of Ad-NOXA with ABT-263, which addresses the 

second part of Aim 1. HN12 cells were treated with ABT-263, Ad-NOXA, or a combination 

(Figure 22). Ad-Con was used as a control. BIM is clearly decreased when treated with ABT-263 

or Ad-NOXA with ABT-263 (Figure 22). The immunoprecipitation with MCL-1 shows that the 

MCL-1 and BIM interaction appears significantly decreased with combinational treatment, 

suggesting BIM may be contributing to the combinational cell death (Figure 22).  
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The next step was to infect lentiviruses encoding short-hairpin BIM (shBIM) or 

scrambled control (shC) in HN12 cells to examine the role of BIM in cell death of HN12. Figure 

23 confirms the knockdown of BIM. However, upon further examination using FACS analysis, 

there was no clear difference in cell death between HN12 shC and HN12 shBIM when cells were 

treated with Ad-NOXA, fenretinide, ABT-263, or combinations (Figure 23). This suggests that 

BIM does not play a role in combinational cell death in HN12. 

 

HN12 

 

Figure 22: HN12 Immunoprecipitation with MCL-1. HN12 cells (4 x 106) were seeded in a 10 

cm dish in 10 mL of medium and treated the following day with Ad-Con, ABT-263, Ad-NOXA, 

or a combination of Ad-NOXA and ABT-263. After 16 hours, cells were harvested and equal 

amounts of protein were incubated with MCL-1. The input represents 40/500 of the 

immunoprecipitated lysates. 
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Figure 23: HN12 BIM knockdown data. Left: Lentiviruses encoding short-hairpin BIM 

(shBIM) or scrambled control (shC) were infected in HN12 cells and stable knockdown cells 

were established with puromycin selection. Western blotting was performed, and the membrane 

was probed with BIM and GAPDH antibodies. Right: Cells were treated with the indicated 

drugs for 24 hours and FACS analysis was performed to determine the amount of apoptosis (N = 

3). Error bars representing standard deviation are shown by a line through each bar, and the 

percent of apoptosis can be seen on top of each bar. 

 

5.9 Ad-NOXA or Fenretinide combined with ABT-263 shows increased cell death in other 

HNSCC cell lines 

UMSCC1 and UMSCC47 were similar to HN12 in that single treatment did not induce 

efficient cell death. Both aims were addressed in these cell lines to examine cell death with drug 

treatment. To examine the reaction of UMSCC1 and UMSCC47 to drug treatment by Western 

blot, cells were seeded in a 6-well plate and treated with Ad-NOXA, fenretinide (10 μM), ABT-
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263 (1 μM), or combinations (Figures 24 and 25). The control was treated with Ad-Con. The 

cells were harvested overnight and the lysates were probed with cleaved PARP, MCL-1, BIM, 

NOXA, and GAPDH.  

 Similar analysis was done using FACS to confirm cell death amount that was 

qualitatively assessed in the Western blot. For FACS, UMSCC1 and UMSCC47 cells were 

seeded in a 12-well plate and treated in duplicates with Ad-Con, Ad-NOXA, fenretinide (10 

μM), ABT-263 (1 μM), or combinations (Figures 24 and 25). After 24 hours, cells were 

trypsinized and FACS analysis was performed.  

 UMSCC1 does not have much cell death when singly treated with Ad-NOXA or 

fenretinide, which can be seen from cleaved PARP in the Western blot, as well as the percentage 

of apoptosis from FACS analysis (Figure 24). Additionally, the combination of Ad-NOXA with 

ABT-263 suggests a synergizing relationship, leading to apoptosis. The combination of 

fenretinide with ABT-263, on the other hand, does seem to increase cell death, but only with an 

additive effect. To confirm that combinational treatment completely kills UMSCC1 cells, crystal 

violet assays were done (Figure 24, Bottom Right). The crystal violet staining shows that cells 

have completely died with combinational treatment by the 72-hour point. 
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UMSCC1

 
Figure 24: Ad-NOXA or Fenretinide in combination with ABT-263 increases cell death in 

UMSCC1. Left: Cells were treated with indicated drugs for 16 hours, and samples were 

analyzed by Western blot with cleaved PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was 

used to confirm that loading of lysates was equal. Top Right: Cells were treated with the 

indicated drugs for 24 hours and FACS analysis was performed to determine the amount of 

apoptosis (N = 3). Error bars representing standard deviation are shown by a line through each 

bar, and the percent of apoptosis can be seen on top of each bar. Bottom Right: Crystal violet 

assays were performed for combinational treatments. Cells were seeded in triplicates in a 96-well 

plate, and the assays were performed 72 hours after treatment. 

 

Western blot and FACS analysis suggest that UMSCC47 does not have much cell death 

when singly treated with Ad-NOXA or fenretinide (Figure 25). In contrast, combinational 

treatments of both Ad-NOXA and fenretinide with ABT-263 seem to have a synergistic effect. 

Similar to HN8 and HN12, NOXA is induced with Ad-NOXA and its combination with 

ABT-263 in UMSCC1 and UMSCC47 (Figure 24, Left and Figure 25, Left). Additionally, 

UMSCC1 and UMSCC47 both have NOXA induction with fenretinide treatment, as well as its 
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combination with ABT-263, providing the results for Aim 2. This was the case for HN8, as can 

be seen from the Western blot (Figure 13, Left). However, HN12 did not show a detectable 

signal for NOXA with fenretinide or fenretinide with ABT-263 treatment (Figure 20, Left). 

 

UMSCC47 

 
Figure 25: Ad-NOXA or Fenretinide in combination with ABT-263 has a synergistic effect 

in UMSCC47. Left: Cells were treated with indicated drugs for 16 hours, and samples were 

analyzed by Western blots with cleaved PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was 

used to confirm that loading of lysates was equal. Right: Cells were treated with the indicated 

drugs for 24 hours, and FACS analysis was performed to determine the amount of apoptosis (N = 

3). Error bars representing standard deviation are shown by a line through each bar, and the percent 

of apoptosis can be seen on top of each bar. 

 

5.10 Mouse head and neck cancer cell lines and protein expression 

 In addition to the four human cell lines studied, analysis was also done on five HNSCC 

mouse cell lines. The mouse cell lines were established with a 4NQO mouse model, causing mice 

to form spontaneous tumors on their tongues (refer to section 4.1).  
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Figure 26 shows a Western blot of all five mouse cell lines with expression of p53 and 

BCL-2 family members. It appears that p53 and BIM status vary in these cell lines. However, the 

other BCL-2 family members show relatively equal levels (Figure 26, Left). A Western blot of 

the mouse cell lines with a non-cancerous tongue specimen is also seen to determine the normal 

levels of protein in a mouse for comparison (Figure 26, Right). This Western blot shows that p53 

for 601 and 606 appears to be in a different position compared to the normal mouse. Also, 606 

shows a much stronger intensity than any other cell lines or the normal mouse. Additionally, it 

seems that the level of p53 is undetectable in 613. This variation is similar to human HNSCC 

because p53 alterations occur in over half of cancer cases[60]. Additionally, the BIM level appears 

to be elevated in 604 (Figure 26). 

 

 

Figure 26: Western Blot of mouse cell lines. Left: The Western blot shows mouse cell lines 

indicated. Cells were seeded on the plates and harvested overnight. Samples were analyzed by 

Western blot with BCL-XL, p53, MCL-1, BIM, BAX, and BAK. Right: The Western blot shows 

mouse cell lines indicated, as well as a normal mouse, non-cancerous specimen from the tongue. 

The samples were analyzed by Western blot with p53, BIM, and GAPDH. GAPDH was used to 

confirm that loading of lysates was equal. 
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5.11 Combinational treatment increases cell death in mouse HNSCC cells. 

Mouse HNSCC cell lines were treated in a similar fashion to the human HNSCC cell 

lines to examine apoptosis. To examine the reaction of 601 and 606 to drug treatment by 

Western blot, cells were seeded in a 6 cm dish and treated with Ad-NOXA, fenretinide (10 μM), 

ABT-263 (0.5 μM), or combinations (Figures 27 and 28). The control was treated with Ad-Con. 

The cells were harvested overnight and the lysates were probed with cleaved PARP, MCL-1, 

BIM, NOXA, and GAPDH.  

 Similar analysis was done using FACS to confirm cell death amount that was 

qualitatively assessed in the Western blot. 601, 606, 602, and 613 cells were seeded in a 12-well 

plate and treated in duplicates with Ad-Con Ad-NOXA, fenretinide (10 μM), ABT-263 (0.5 μM), 

and combinations (Figures 27, 28, 29, and 30). After 24 hours, cells were trypsinized and FACS 

analysis was performed.  

 601, 606, 602, and 613 do not have much cell death when singly treated with Ad-NOXA 

or fenretinide, which can be seen from cleaved PARP in the Western blot, as well as the 

percentage of apoptosis from FACS analysis (Figures 27, 28, 29, and 30). Additionally, in 601, 

the combination of Ad-NOXA with ABT-263 appears to have a synergistic relationship. In 606, 

602, and 613, the effect of this combination does increase cell death, but likely with an additive 

effect.  

 The combination of fenretinide with ABT-263, on the other hand, does not seem to 

increase cell death significantly in 613 (Figure 30). However, the combination of fenretinide 

with ABT-263 does increases cell death in 606 and 602 (Figure 28, Left and Figure 29). In 601, 

there is no significant difference for the combination of fenretinide and ABT-263 as compared to 

single treatments (Figure 27). However, there is a significant difference in the amount of 
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apoptosis between untreated cells and cells treated with the combination of fenretinide and ABT-

263 (Figure 27). To confirm that combinational treatment kills 601 and 606 cells, crystal violet 

assays were done (Figure 27, Bottom Right and Figure 28, Bottom Right). The crystal violet 

staining shows that cells have died with combinational treatment by the 96-hour point. 

 

601

 
Figure 27: Ad-NOXA and ABT-263 combinational treatment has a synergistic effect in 601, 

but Fenretinide and ABT-263 treatment does not produce as much cell death. Left: Cells 

were treated with indicated drugs for 16 hours, and samples were analyzed by Western blot with 

cleaved PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was used to confirm that loading 

of lysates was equal. Top Right: Cells were treated with the indicated drugs for 24 hours, and 

FACS analysis was performed to determine the amount of apoptosis (N = 4). Error bars 

representing standard deviation are shown by a line through each bar, and percent of apoptosis 

can be seen on top of each bar. Bottom Right: Crystal violet assays were performed for 
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combinational treatments. Cells were seeded in triplicates in a 96-well plate, and the assays were 

performed 72 hours after treatment. 

 

606

 
Figure 28: Ad-NOXA and Fenretinide in combination with ABT-263 increases cell death in 

606.  Left: Cells were treated with indicated drugs for 16 hours, and samples were analyzed by 

Western blots with total PARP, MCL-1, BIM, NOXA, and GAPDH. GAPDH was used to 

confirm that loading of lysates was equal. Top Right: Cells were treated with the indicated drugs 

for 24 hours, and FACS analysis was performed to determine the amount of apoptosis (N = 9). 

Error bars representing standard deviation are shown by a line through each bar, and the percent 

of apoptosis can be seen on top of each bar. Bottom right: Crystal violet assays were performed 

for combinational treatments. Cells were seeded in triplicates in a 96-well plate, and the assays 

were performed 96 hours after treatment. 

 

 

 



 

 

52 

602 

 
Figure 29: Ad-NOXA or Fenretinide with ABT-263 combinational treatment increases cell 

death in 602. Cells were treated with the indicated drugs for 24 hours, and FACS analysis was 

performed to determine the amount of apoptosis (N = 4). Error bars representing standard deviation 

are shown by a line through each bar, and the percent of apoptosis can be seen on top of each bar. 

 

 

613 

 

Figure 30: Ad-NOXA and ABT-263 combinational treatment increases cell death in 613, but 

Fenretinide and ABT-263 treatment does not produce as much cell death. Cells were treated 
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with the indicated drugs for 24 hours, and FACS analysis was performed to determine the amount 

of apoptosis (N = 3). Error bars representing standard deviation are shown by a line through each 

bar, and the percent of apoptosis can be seen on top of each bar. 
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Discussion 

 

6.1 NOXA-induced cell death leads to BAK activation 

 In HN8, Ad-NOXA treatment alone induces apoptosis (Figure 14). This cell line is 

different from all other human cell lines examined in which single treatments did not induce 

significant amounts of cell death (Figures 20, 21, 24, and 25). Thus, the first focus became on 

NOXA-induced cell death to understand the mechanism, which is the first part of Aim 1. 

To determine which BCL-2 family members were contributing, stable shRNA 

knockdowns were established for BAK, BAX, and BIM in HN8 (Figure 15). These BCL-2 

family members were chosen because BIM is a direct activator of BAK and BAX, and BAK and 

BAX are downstream effector proteins[16]. While only one construct was used for these shRNA 

knockdowns due to time constraints, future studies would confirm these results with other 

constructs.  

FACS analysis with HN8 shBAK, shBAX, and shBIM suggested BAK mainly 

contributed to NOXA-induced cell death (Figure 16). This knockdown data is consistent with the 

model that when NOXA is induced, it sequesters MCL-1 from BAK, leading to the degradation 

of MCL-1 (Figure 18). From here, BAK goes through a conformational change, is activated, and 

homo-oligomerizes to form a pore in the OMM. Then, cytochrome c is released from the IMS 

into the cytosol, and apoptosis occurs. 

To further confirm the mechanism for NOXA-induced apoptosis for Aim 1, 

immunoprecipitation experiments were done with antibodies for MCL-1 and for the activated 

form of BAK in HN8 (Figure 17). After NOXA induction, a reduced interaction between MCL-1 

and BAK and activation of BAK was observed. Although the result from BAK/MCL-1 

interaction is not strikingly clear, there is still a presence of a band of BAK for the MCL-1 
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immunoprecipitation before Ad-NOXA treatment, and this band is decreased after NOXA 

induction (Figure 17, Left). Additionally, activated BAK appears to have a significant increase 

after Ad-NOXA treatment, supporting the proposed mechanism (Figure 17, Right). It is also 

important to note that the BIM and MCL-1 interaction is decreased after NOXA treatment. 

While this is the case, results from the shRNA BIM knockdown suggest that BIM is not a major 

player in NOXA-induced cell death. It is likely that when NOXA is introduced, the interaction 

between BIM and MCL-1 is interrupted (Figure 17, Left). However, BIM could be sequestered 

by the other anti-apoptotic BCL-2 family members BCL-2 and BCL-XL, explaining why BIM 

does not play a significant role in NOXA-induced cell death (Figure 16). 

  

6.2 NOXA contributes to Fenretinide-induced cell death  

 While Ad-NOXA alone induces cell death in HN8, so does fenretinide alone. Thus, HN8 

was used to study the mechanism of fenretinide alone for Aim 2 (Figure 13). Lentivirus encoding 

shNOXA was introduced into HN8 cells to determine if NOXA contributed to fenretinide-

induced cell death. The Western blot and FACS analysis showed that NOXA contributed to 

fenretinide-induced cell death and in combination with ABT-263 (Figure 19) because cleaved 

PARP is decreased in HN8 shNOXA for fenretinide treatment or fenretinide with ABT-263 

treatment.  

 Future studies would include conducting FACS analysis with HN8 shC, shBAK, shBAX, 

and shBIM for fenretinide treatment to further examine this mechanism for Aim 2. The 

expectation would be similar to the results of Ad-NOXA, where BAK would contribute to 

fenretinide-induced cell death. Additionally, immunoprecipitation experiments with fenretinide 

need to be performed in future studies to confirm the interactions of BCL-2 family members. We 
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expect that fenretinide immunoprecipitations will have similar results as Ad-NOXA 

immunoprecipitations in HN8, UMSCC1, and UMSCC47, because fenretinide significantly 

induces NOXA. 

 

6.3 Combinational treatment of ABT-263 with Ad-NOXA or Fenretinide enhanced cell 

death in HNSCC cells 

HN8, HN12, UMSCC1, and UMSCC47 all exhibited an increase in apoptosis for 

combinational treatments of fenretinide and Ad-NOXA with ABT-263, as compared to single 

treatments. These findings support the hypothesis that combinational treatment of Ad-NOXA or 

Fenretinide with ABT-263 induces and increases cell death in HNSCC cells. However, all these 

cell lines had slightly different findings.  

HN8 is different from other HNSCC cell lines because single treatment can efficiently 

induce apoptosis. Also, there is a significant increase in cell death when ABT-263 is added to 

Ad-NOXA or fenretinide. This increase appears to be additive for both combinations in HN8 

(Figure 13). 

HN12, UMSCC1, and UMSCC47 are not affected greatly by treatment of Ad-NOXA or 

fenretinide alone. In HN12, the Western blot and FACS data suggest that ABT-263 with Ad-

NOXA or fenretinide have a synergistic effect (Figure 20). HN12 is also different from the other 

human cell lines because fenretinide does not induce NOXA, as can be seen from the Western 

blot (Figure 20, Left). Future studies would include determining which BCL-2 family members 

are important in ABT-263 and fenretinide-induced cell death for HN12.  

While the mechanisms of cell death with the combination of fenretinide and ABT-263 

seem to be different in HN12, results prove interesting for the mechanism of the combination of 
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Ad-NOXA and ABT-263. HN12 was used to study the second part of Aim 1 for the mechanism 

of combinational treatment of Ad-NOXA with ABT-263. Immunoprecipitation data of HN12 

suggested that BIM contributes to cell death because the BIM and MCL-1 interaction appears to 

be significantly decreased (Figure 22). However, upon further examination, there was no 

significant difference in amount of cell death examined between HN12 shBIM and HN12 shC 

when treated with Ad-Con, Ad-NOXA, ABT-263, or combinations, suggesting that BIM does 

not contribute significantly in cell death of HN12 with the treatments mentioned (Figure 23). 

HN12 does not show efficient cell death with single treatments, but in HN8, NOXA alone 

can induce cell death by specifically binding to and inactivating MCL-1[27]. It was found that 

BAK contributed mainly to NOXA-induced cell death, and the model proposed can be seen in 

Figure 18. In HN12, ABT-263 is needed in combination with Ad-NOXA to efficiently induce 

cell death. As mentioned in section 1.9, ABT-263 inactivates pro-survival proteins BCL-2 and 

BCL-XL. These pro-survival proteins can interact with and regulate both BAK and BAX. Thus, 

we speculate that both BAK and BAX contribute to cell death by Ad-NOXA and ABT-263 

combination in HN12. To examine this hypothesis and successfully fulfill the second part of 

Aim 1, it is essential to establish shRNA knockdowns for BAK (shBAK) and BAX (shBAX) in 

HN12. 

Unlike HN12, UMSCC1 and UMSCC47 show the induction of NOXA when treated with 

fenretinide or fenretinide in combination with ABT-263, which addresses the mechanism of 

these drug treatments in Aim 2 (Figure 20, Left; Figure 24, Left; Figure 25, Left). Future studies 

would need to establish shRNA knockdown cell lines for NOXA to prove that NOXA is 

contributing to fenretinide and ABT-263 combination-induced cell death in both UMSCC1 and 

UMSCC47. 
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UMSCC1 also has increased cell death for ABT-263 in combination with Ad-NOXA and 

fenretinide (Figure 24). ABT-263 and Ad-NOXA combinational treatment seems to have a 

synergistic effect, while ABT-263 and fenretinide combination appears to have an additive 

effect. In addition, UMSCC47 had similar findings to the other human cell lines in terms of 

combinational treatments. In this cell line, combination of ABT-263 with Ad-NOXA or 

Fenretinide has a synergistic effect (Figure 25). 

The mechanisms for cell death in combination of ABT-263 with Ad-NOXA or 

fenretinide still need to be examined further to fulfill parts of Aim 1 and Aim 2. Future studies 

would include immunoprecipitation experiments of  BCL-2 and BCL-XL with ABT-263 to 

confirm their reactions.  

 

6.4 Combinational treatment of ABT-263 with Ad-NOXA or Fenretinide was independent 

of p53 status 

It is important to note that the p53 status varies in the four cell lines examined. Because 

p53 is a tumor suppressor protein that is involved in cell cycle regulation and apoptosis, we 

wanted to see how each cell line responded to the drug treatments tested. Figure 12 shows the 

various p53 status of the four HNSCC cell lines used in this study. While all four cell lines did 

not behave exactly the same, combinational treatment of ABT-263 with Ad-NOXA or 

fenretinide did increase cell death in HN8, HN12, UMSCC1, and UMSCC47 (Figures 13, 20, 24, 

and 25). With knowledge that chemotherapeutic drugs can induce NOXA in a p53-independent 

manner and the findings presented, the results strongly suggest that the combination treatments 

tested here are independent of p53 status. 
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6.5 Mouse HNSCC cell lines are responsive to combinational treatment 

 Because in vivo mouse models will be studied in the future, mouse HNSCC cell lines 

were established from five different mice’s primary tongue tumors. The cell lines were treated 

and analyzed by Western blot and FACS analysis. Each cell line established exhibited varying 

levels of proteins and different results with cell death analysis. This is similar to human patient 

populations because each individual is drastically different. 

 From the data collected, no mouse cell lines result in a significant amount of apoptosis 

with single treatments. However, combinational treatment of ABT-263 with Ad-NOXA 

increases cell death in 601, 606, 602, and 613 (Figures 27, 28, 29, and 30). This suggests that this 

combination is also working well in mouse HNSCC cells.  

Out of the mouse cell lines examined, 606 and 602 show significantly increased cell 

death by fenretinide and ABT-263 combinational treatment compared to single treatments 

(Figures 28 and 29). It can be hypothesized that 606 and 602 are responding well to these 

treatments because fenretinide induces NOXA efficiently. Since there are no appropriate 

antibodies for mouse NOXA, this can be studied in the future by for Aim 2 by quantifying 

mRNA by Q-PCR to determine NOXA mRNA levels. 

 In addition, the Western blot of mouse cells shows that the intensity and position of the 

band for p53 in 606 is different from the normal mouse (Figure 26). The intensity is drastically 

stronger than any other cell lines or the normal mouse, and we can speculate that the p53 status 

of 606 may be the reason this cell line is more susceptible to apoptosis.  

 The position of p53 in 601 also appears to be different from the normal mouse (Figure 

26). In addition, the signal of p53 in 613 is clearly less than the normal mouse. While 601, 606, 

and 613 all may have different p53 status than the normal mouse, the Western blot shows that 
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p53 for 602 and 604 is in the same position as the normal mouse, suggesting that all three have 

the same p53 status. However, the Western blot also shows that much less of the normal mouse 

lysate was loaded into the SDS-polyacrylamide gel. We can speculate many things about 602 

and 604 from these observations. Perhaps one allele of p53 is deleted, while the other is wild-

type (WT).  

Similar to the p53 status, the BIM expression varies amongst the cell lines with 604 

showing the strongest signal from the Western blot (Figure 26). To clarify the status of BIM, 

p53, and other proteins and to further examine speculations mentioned, it is essential to study the 

DNA, RNA, and protein stability of these cell lines. It is known, for example, that stability of 

p53, MCL-1, and BIM are all affected by phosphorylation status[41, 57, 61]. Many proteins are 

regulated at transcriptional, post-transcriptional, and post-translational levels. Understanding the 

DNA, RNA, and protein stability would provide evidence behind the changed protein status in 

these cell lines, as well as provide some evidence for hypotheses made. 

In conclusion, all mouse HNSCC cell lines are different, which can be concluded from 

the Western blot showing varying levels of proteins, as well as varying effects of treatment when 

treated with the Ad-Con, ABT-263, Ad-NOXA, fenretinide or combinations. Like human 

tumors, these mouse tumors are multifaceted, and it is our goal to determine a common treatment 

method with identification of biomarkers that can successfully kill cancer cells. 

 

Conclusion 

The data presented show an increase in apoptosis for combinational treatments of fenretinide or 

Ad-NOXA with ABT-263, as compared to single treatments. Pro-survival MCL-1 is inhibited by 

NOXA, while pro-survival BCL-2 and BCL-XL are inactivated by ABT-263 simultaneously, 
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contributing to an increase in cell death (Figure 31). In conclusion, combinational treatment of 

Ad-NOXA or Fenretinide with ABT-263 induces and increases cell death by simultaneously 

inhibiting all anti-apoptotic BCL-2 family proteins in HNSCC cells. 

 

Figure 31: The mechanism of cell death induced by combinational treatment. When 

NOXA is induced, it sequesters and inactivates MCL-1. When ABT-263 is introduced into the 

cell, it inactivates BCL-2 and BCL-XL. The combination of NOXA induction and ABT-263 

treatment inactivate all anti-apoptotic proteins, causing BAK and BAX activation and apoptosis. 
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