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Abstract 

Cell death caused by cardiac infarction events commonly result in the development of heart 

disease. The identification and classification of genes in these cell death pathways improves 

medical professionals understanding of these mechanisms and helps in the development of gene 

therapy techniques which can be used to impede the onset of heart disease. The goal of this 

research was to identify novel genes in cell death pathways. We amplified cDNA for 10 genes 

which were screened for high death potential. This amplified cDNA was then added into an 

inducible vector and inserted into an adenovirus. This adenovirus was then introduced to cells 

with the doxycycline (DOX) inducer and examined for cell death. We expected to see cells that 

had virus applied without DOX to be healthy and living, and cells with virus and DOX to have 

significant cell death from the induced gene. Instead, we observed substantial cell death in both 

cases of virus applied to cells and healthy, living control cells. We concluded that the induced 

gene could not be responsible for this death and rather viral toxicity caused the increased death. 

Further testing these viruses, with consideration of recent literature, could demonstrate if these 

genes are active in a cell death pathway. 
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Introduction 

 The goal of this research project was to identify 10 novel genes as being involved in cell 

death processes as well as the death pathway which each gene acts. The three forms of cell death 

which each gene could act are apoptosis, necrosis, and necroptosis. Apoptosis is the controlled, 

self-initiated cell death process which occurs in organisms during development and normal day 

to day functions. The mechanism for apoptosis (Fig. 1) is controlled by the Bcl-2 family of genes 

which can be classified into proapoptotic and antiapoptotic (Vaux et al. 1992). Bax and Bak are 

two highly studied proapoptotic Bcl-2 family genes which remain largely inactive in a cell until 

an apoptotic signal is received (Chipnuk et al. 2006). Once the signal for cell death is received, 

Bax/Bak then releases a molecule that initiates mitochondrial outer membrane permeability 

(MOMP). MOMP forms large pores in the outer membrane of the mitochondria and allows for 

the release of cytochrome c (cyt c) into the cytoplasm. Cyt c then triggers the activation of 

caspases who are ultimately responsible for the apoptotic destruction of the cell by (Liu et al. 

1996). The mitochondria maintains the ability to produce ATP until the cell is on the verge of 

perishing.  

Necrosis is a regulated cell death triggered by high stress, particularly ischemia (loss of 

blood supply to a region) in the case of myocardial infarction. Unlike apoptosis, necrotic cell 

death includes the rupture of the plasma membrane, organelle swelling, and inflammation to the 

surrounding area resulting in an unorganized and chaotic death. Similar to apoptosis, this 

pathway is regulated by Bax/Bak and cells lacking both these genes have been shown to be 

resistant to cellular swelling and necrotic death (Karch et al. 2013). The defining event of 

necrosis (Fig. 2) is the formation of a mitochondrial permeability transition pore (MPTP) which 

is regulated by the ppif gene and its protein product cyclophilin D (Baines et al. 2005). Calcium 



 

 

build up in a cell from ischemia causes the cyclophilin D to be produced, triggering the 

formation of the MPTP. The breach in the mitochondrial membrane results in loss of ATP 

production and the cell is unable to maintain itself (Karch and Molkentin 2015). Since the cell no 

longer has the energy means to activate the apoptosis cascade events, apoptotic death cannot 

occur.   

Finally, necroptosis a relatively newly discovered form of cell death which utilizes 

components of both apoptosis and necrosis. Necroptosis (Fig 3) occurs when the signal for 

apoptotic death is received by a death receptor but necrotic activities ensue instead. Caspase 8 is 

an initial activator of apoptosis, and its activity with RIP1/RIP3 complex initiates apoptosis 

(Feltham et al. 2017). When its activity is inhibited, necroptotic death occurs and the RIP1/RIP3 

complex activates the mixed lineage kinase like complex (MLKL) (Karch and Molkentin 2015). 

This protein group is then believed to guide RIP1/RIP3 to other portions of the cell, including the 

mitochondria, to continue a necrotic like death process (Sun et al. 2012). MLKL activity is 

essential for only this necroptosis process as null mice were resistant to the necroptotic death but 

still susceptible to apoptosis (Wu et al. 2013). RIP3 is also needed for necroptosis since RIP3 

knockout cells are resistant show strong resistance to cell death with caspase 8 inhibited (He et 

al. 2009).  

Prior the initiation of the project, the Molkentin lab had already identified a previously 

novel gene involved in the prevention of cell death. The gene TGN91 when overexpressed in 

mice resulted in increased protection against ischemic injury (Karch et al. 2016). The discovery 

led the team to continue investigating other unknown genes with intention of better 

understanding the mechanisms of cell death. My task in the study was to amplify the selected 

cDNA samples from the same cDNA library and prepare them for insertion to an adenovirus. 



 

 

From there, the virus would be used to deliver the selected genes to cells which can then be 

observed and assayed for cell death. The research goal was to identify the roles of which a select 

group of novel genes in heart cells that play during cell death. The identification of these 

mechanisms could further aid in the battle against heart disease by targeting and preventing 

cardiac cell death which occurs immediately following an ischemic event such as a heart attack. 

 

Materials and Methods 

Ten genes cDNA were chosen for experimentation based on their death potential as 

selected through a screening process. These genes included PEMT, TMEM40, and TEX261. The 

ten cDNA were then amplified through polymerase chain reaction (PCR) and purified. The 

purified genes were then inserted into an inducible AdenoX vector (Fig. 4) and the desired 

recombinant AdenoX test gene plasmids were identified using standard recombinant DNA 

techniques. The AdenoX plasmids were then used to construct a recombinant virus for the 

delivery of the test gene to human embryonic kidney (HEK) cells. We would then assay the cells 

looking for protein markers through a Western Blot to determine cell death classification. The 

protein markers were as follows: cyclophilin D for necrosis, cytochrome c for apoptosis, and 

MLKL for necroptosis.  

 

Results  

Recombinant virus was produced successfully from the amplified cDNA samples of 

PEMT, TEX261, and TMEM40. The TMEM40 recombinant virus was tested on HEK cells. We 

expected to see cell death in the culture with both virus and the inducer (DOX) and no cell death 

in plates without virus (our control) or with virus but without DOX (Table 1). We observed 



 

 

living HEK cells in the control plates as expected (Table 2). In the virus plates, we observed 

significant cell death in both induced and uninduced conditions.  

 

Discussion 

 While we were able to successfully transfer several genes into the viral vector, it was 

very concerning to see that all cells with virus present perished while we expected non-induced 

virus cultures to show no effect. We had expected only the DOX induced cells to die (expected 

visual of death shown in Fig. 5). This result is likely not due to the gene itself since our vector 

was not activated in the wells without DOX applied. Since control cells with DOX applied 

remained healthy as expected, the death must be due to the presence of non-induced virus itself. 

We conclude that the death of the cells is likely due to viral toxicity meaning there was too much 

virus present, though not activated, for the cells to survive. To support this idea, we would need 

to create a recombinant virus with an empty vector. If the virus is the cause of the cell death in 

these experiments, then we would again expect the application of virus (without a gene) to result 

in cell death. 

We must also consider the concentration of the applied virus in future experiments to 

conclude this result was due to viral toxicity. A similar experiment involving adenovirus 

application by Xie et al. (2014) used 100 MOI (100 viral particles per 1 cell) as the lowest 

concentration and 800 MOI as the highest. We did not determine the MOI in our experiment, 

therefore it is possible that the MOI used exceeds that reported by Xia and colleagues. This 

offers us an explanation for our results and further tests should follow procedures outlined in 

these successful experiments. 



 

 

 Since this research, these and other novel cell death genes have been partially identified 

in their role of cell death. ATAD3A, a gene whose mechanism is unknown, has recently been 

observed as a prominent effector in cancer cells. Its overexpression in breast and colon cancer 

cells suggest that it is required for maintenance of anti-apoptotic characteristics. (Teng et al. 

2016). Additionally, knockouts of ATAD3A have shown to inhibit the development and 

proliferation of breast cancer cells. Another gene shown to have significant cell death potential is 

FAM176A which has been shown to trigger apoptotic cell death when overexpressed (Xie et al. 

2014). This beneficial cell death was shown in human lung cancer cells raising possibilities on its 

future use in cancer treatments and gene therapy. Similar to our methods, this project utilized an 

adenovirus as a vehicle for overexpression of a gene, and their results offer further incentive to 

continue this investigation. 
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Tables and Figures 

 

Table 1. Expected results from application of TMEM40 recombinant virus. 

 Control Virus 

No Dox + + 

DOX + - 

(+) represents living, healthy cells while a (-) represents significant cell death.  

 

 

 

 

 

Table 2. Results from application of TMEM40 recombinant virus. 

 Control Virus 

No Dox + - 

DOX + - 

(+) represents living, healthy cells while a (-) represents significant cell death.  



 

 

 
 

Figure 1. Representation of apoptosis focusing on the mitochondrial membranes. Modified from 

image by Bouchier-Hayes et al. (2005). The releasing of Cytochrome c through the Bax/Bak 

pore triggers the organized caspase cascade and results in efficient cell death. MOM stands for 

the mitochondrial outer membrane, IMS for the intermembrane space, and MIM for the 

mitochondrial inner membrane. 

 



 

 

 
Figure 2. Representation of necrosis caused by calcium overload in mitochondria. This sequence 

of events results in mitochondrial dysfunction and adverse cell death. MPTP is the mitochondrial 

permeability transition pore and Cyp D represents activated cyclophilin D.   

 

 

 
Figure 3. Representation of necroptosis as modified from image from Karch et al. (2015). This 

pathway is triggered by inhibition of the Caspase 8 molecule which is needed for apoptosis. The 

mitochondria then undergoes MPTP formation and necrosis ensues. MLKL is the mixed lineage 

kinase like complex 

 



 

 

 

 
Figure 4. Diagram of the inducible vector which the genes were inserted into. The Tet-On 3G 

Transactivator is the region where doxycycline (or other tetracycline derivatives) act to induce 

transcription of the gene place in the In-Fusion Cloning Site.  

 

 
Figure 5. Example of appearance of induced cell death. A) Healthy HEK cells with uninduced 

adenovirus. B) Early HEK cells receiving recombinant adenovirus and induced overexpression 

by DOX. Circles indicate notable regions of cell death.  

 
 


