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Abstract 

 

This study looked at how the CDC25A protein may be implicated in neuronal cell death. It is 

believed that this protein, a cell cycle protein, and especially its cleaved form, may hold some 

significance in initiating this apoptotic pathway in neurons. Neuronal apoptosis is the cause of 

neurodegeneration in many diseases, including Alzheimer's, so understanding this mechanism 

would be very useful in engineering treatments for these diseases. 

 

This was analyzed in two parts. One, cellular apoptosis was initiated using cytotoxins and 

CDC25A’s expression was monitored using Western Blotting. Two, cells were transfected with a 

gene that would increase expression of CDC25A, one for the cleaved form and one for the 

regular form, and cell death was assessed. Qualitative assessment of Western Blots suggested 

apoptotic cells have increased expression of CDC25A, and there was a statistically significant 

increase in death of cells that received the CDC25A gene, with those receiving the cleaved form 

having slightly higher cell death than the regular form. These results suggest CDC25A may be 

essential to the apoptotic process in neurons.  

 

Should CDC25A be vital to the apoptotic process, treatments for neurodegenerative diseases 

may target the protein. Chemical inhibitors of the protein’s function may garner significant 

interest, and could potentially serve as pharmaceutical treatments for the disease. 

 

 

 

 



             
 

 

 

 

Table of Contents 

 

Introduction: page 1 

 

Methodology: page 4 

 

Statement of Purpose: page 4 

 

Results: page 6 

 

Discussion/Conclusion: page 9 

 

 

 

 

 

 

 

 

 

 

 

 



             
 

 

 

List of Figures 

 

Figure 1; Western blots of cortical neurons, 20 hour exposure to DNA damage inducers: page 7 

 

Figure 2; Image of wells without (left) and with (right) the green fluorescent construct:  page 8 

 

Figure 3; Comparison of cell death after transfection with each construct: page 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



             
 

 

 

Introduction 

 

Cells are destined to decay and die, but why would they ever choose to end their whole lives? If 

an individual cell begins to function in a way that is harmful to the rest of the organism, such as 

becoming cancerous or making misfolded proteins, it will initiate a process called apoptosis, 

where it will activate a death pathway and destroy itself for the greater good of the organism. 

While apoptosis  is very beneficial for the health of an organism, its dysfunction can be very 

detrimental as well. In neurological diseases such as Alzheimer’s, Parkinson’s, and 

Huntington’s, entire tissues will die from apoptosis as it steadily kills cell by cell. These diseases 

are increasingly common, especially among the elderly, and result in gradual neurological 

deterioration and death. Alzheimer's disease alone is the seventh most common cause of death in 

the United States, currently untreatable beyond managing pain, ranking ahead of diabetes and 

suicide (Alzheimer's Disease and Dementia). Besides the lives that they take, these diseases are 

also a considerable economic burden; it is estimated the Alzheimer’s related healthcare costs will 

exceed $1.1 trillion by 2050 (Alzheimer's Disease and Dementia). It is believed that a better 

understanding of the apoptosis seen in neurodegeneration could lead to the developments of 

effective treatments that may halt or even reverse symptoms of neurodegeneration. 

 

Apoptosis is a process that is not random or sporadic; it is initiated in response to different stress 

factors. Some “stresses” include DNA damage, misfolded proteins, oxidative damage, and heat 

shock, among others (Fulda, et al., 2009). This stress is recognized by stress factor proteins that 

activate the caspase enzymes, a family of enzymes that interact with each other in order to 

activate death enzymes. These then initiate cleavage of the cytoskeleton and destruction of 

cellular DNA, which ultimately results in death (Fulda, et al., 2009). Under normal conditions, 
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apoptosis is very beneficial for an organism; mammalian brains undergo significant apoptosis 

during embryonic development to eliminate useless portions of the brain, and apoptosis also 

removes the webbed skin that exists between embryonic fingers before birth (Brill, et al., 1999). 

However, its dysregulation can lead to mass cell death. 

 

A proposed explanation for the role of cell cycle proteins in neurodegenerative diseases is the 

aptly named Dr. Jekyll and Mr. Hyde Theory of Alzheimer’s disease. The theory, based on 

results obtained from modern neurological research, poses the idea that neurons use the same 

proteins that glial cells use in the cell cycle for maintaining and growing neurites (Arendt, et al., 

2006). Upon looking at several neuronal pathways, this seems to be the case; neurons appear to 

use these proteins in building neurofibrillary structures, the axons and dendrites that interconnect 

neurons. However, a stress event can revert the function of these proteins in the brain to attempt 

to promote the cell division cycle, which will trigger apoptosis, since neurons inherently cannot 

complete the cell division cycle. These proteins can benefit the cell when used for their neuronal 

purposes, but the misuse of them results in cell death. 

 

Previous studies have also found associations between cell cycle proteins and the onset of 

neurodegenerative diseases, which can lead to apoptotic cell death. Cyclin Dependent Kinase 4 

(CDK4) is a cell cycle protein whose expression is found to be relatively greater in Alzheimer’s 

brains while its inhibitor, Smad4, was found to have a diminished expression (Ueberman, et al., 

2015). Ueberman, et al. went on to show that decreasing the expression of CDK4 in these sickly 

cells actually helped neurons and made their neurites grow healthier and longer. Similarly, 

Agholme, et al. found that by inhibiting the activity of proteasomes, an organelle that destroys 

old or defunct proteins, the activity of two cell cycle proteins, c-Jun and ERK1/2, increased 
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drastically, and the cells witnessed damage that could typically preclude apoptotic death (2014). 

This body of research suggests an association between cell cycle proteins and apoptosis; perhaps 

investigating this association further could lead to new, progressive avenues of research 

concerning Alzheimer’s and cell death in general. 

 

 

CDC25A is a dual specificity phosphatase that is implicated in the cell cycle as a regulator of 

CDKs 2, 4, and 6 (Shen, et al., 2012). Previous studies have found it to have significance with 

neuronal cell death; human brain tissue afflicted with Alzheimer’s shows heightened expression 

of CDC25A (Ding, et al., 2000, Chang, et al., 2012). Furthermore, CDC25A expression has been 

associated with cell death in cortical neurons (Zhang, et al., 2006). The study found that 

initiation of apoptosis with toxic agents boosted DC25A expression, and that inhibition of 

CDC25A reduced this death, both results indicating it has an important role in cellular apoptosis. 

CDC25A also has a shorter, cleaved form that is believed to have a significant role in inducing 

apoptosis in cancer cell lines (Mazars, et al., 2009). The cleavage of CDC25A is a caspase-

dependent process; the cleaved length activates CDK2, which will go on to cause further 

apoptotic activity (Mazars, et al., 2009). Taken together, this body of research suggests that there 

might be an important role for CDC25A in neuronal cell death as well. Cytotoxic agents are able 

to simulate cellular apoptosis, mimicking the method by which neurons die (Friesland, et al., 

2014). Transient transfection of neurons with Green Fluorescent Protein (GFP) and CDC25A 

genes and staining of their nuclei with Hoechst stain provides a means of assessing whether 

neurons are alive or dead (Zhang, et al., 2006). Combining these methods, this study sought to 

mimic and observe death in order to analyze whether cleaved CDC25A is significant to apoptosis 

(by inducing death with cytotoxins and by transient transfection with CDC25A genes). The 
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former could be observed and quantified via western blotting of caspase (death enzyme) proteins, 

and the latter with the described Hoechst stain method. Using this staining method to observe 

CDC25A and apoptosis in neuronal cells is an uncommon approach, having been done in very 

few pieces of research.  

 

Statement of Purpose 

 

The goal of this study was to establish a clearer link between CDC25A, cleaved CDC25A, and 

apoptosis, which would hold important implications for research regarding neurodegenerative 

diseases. If CDC25A is a vital component of neuronal cell death, inhibitors of it could potentially 

protect against neurodegeneration. Additionally, another goal was to see if the Hoechst Staining 

method could produce accurate assessments of neuronal cell death, as this method has not been 

used often. It is hypothesized that overexpression of CDC25A will result in cell death, and that 

the induction of cell death will result in an increase of CDC25A expression. 

 

Methodology 

 

-Cell Culturing: Naive PC12 Cells were grown in 15% RPMI medium at 37ºC and 7.5% CO2, 

then differentiated by being incubated in Nerve Growth Factor and RMPI 1%. The medium was 

replaced every two days. Cortical neurons were extracted from rat embryos and were incubated 

in Neurobasal Medium in 5.0% CO2 and 37°C. Their medium was replaced every four days. 

 

-Transfection: Qiagen Maxipreps were performed to obtain the DNA for the transfection. 

Briefly, bacteria containing the desired plasmids were grown in an LB broth overnight and then 
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Maxiprepped to remove and purify their DNA. DNA samples were run through Nanodrop to test 

purity; samples of 400 ng DNA/uL and higher were used. Lipofectamine 3000 transfections were 

performed; each plasmid was tested in pairs. Transfected cells (cortical neurons and PC12 cells) 

were allowed to incubate for 48 hours before further examination. 

 

-Immunofluorescence: Transfected cells were fixed with 4% Paraformaldehyde and then washed 

with Phosphate Buffered Saline. They were later incubated with 1:5000 Hoechst stain and then 

washed with PBS again. Samples with the stain were kept at 4℃ and were protected from light 

exposure until microscopic analysis. 

 

-Nuclei Counting: Plates were brought to a microscope and viewed under 40X magnification. 

Cells that expressed the GFP protein could be seen under a 509 nm wavelength and their nuclei 

were examined under a 460 nm wavelength. Healthy nuclei were large, round, and fairly dim, 

whereas dying nuclei were very bright and condensed or damaged. Living and dead cells were 

counted for each well, and a ratio was formed by comparing the number of dead cells to total 

number of cells. Results were averaged between pairs of wells and the results were analyzed for 

statistical significance. 

 

-Cytotoxins: To induce apoptotic cell death, cortical neurons were treated with either 

Camptothecin (5uM), Cisplatin (10uM), or Etoposide (2uM) for 24 hours and then lysed. 

Varying cytotoxic agents were used to ensure cell death was not accidental or the consequence of 

only one specific toxic agent. Cell death was subsequently analyzed via Western Blotting. 
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-Western Blotting: Cells were lysed with a solution of β-mercaptoethanol and lysis buffer, and 

then chilled, sonicated, heated, and thawed again. To assess protein levels after exposure to 

cytotoxic agents, western blots were performed using Life Technologies 4-12% Gel Acrylamide 

cassettes, which ran samples at 90V for 150 minutes. As a result, proteins were separated based 

on mass, which corresponded to their location on the gel, post-electrophoresis. Samples were 

then transferred onto nitrocellulose membranes. 

 

-Fluorescence Readings: To scan for peptides, membranes were incubated in 5% milk TBS-T 

and a primary antibody overnight. Secondary antibodies were applied for a 40 minute period, 

then scanned on an Odyssey fluorescence scanner. Readings were digitally stored following 

scanning. Protein expressions were qualitatively compared by examining the intensity of each 

band that appeared on the images, and then comparing these differences to a housekeeping 

gene’s expression. 

 

-Statistical Analysis: Results of the nuclei counting were run under a T-Test to test for statistical 

difference in cell death between each gene. A T-Test was chosen because few variables were 

being compared to one another, so likelihood of a multiple comparison error was low. Cell death 

between genes was compared in a bar graph format. Results where p < .05 were considered 

significant. Twelve samples were used in each test. 

 

Results 

Figure one shows samples that were exposed to Cisplatin, Camptothecin, and Etoposide. 

Samples that were exposed to these toxins saw an increase in full length and cleaved length 

CDC25A expression. In addition to this, cleaved caspase 3 expression was increased in these 

Muratore 6 



             
 

 

 

samples, which would suggest that cell death occurred. In contrast, the control well saw very 

little CDC25A expression, in both full and cleaved lengths. The control also saw markedly less 

cleaved caspase 3 expression. GAPDH, the housekeeping gene used here, was consistent in 

expression among all samples. Toxin exposure increases CDC25A and Cleaved Caspase 3 

expression.  

 

  

CDC25A, Full Length 

-55kDa   

 

Cleaved CDC25A 

-26 kDa 

 

Cleaved Caspase 3  

  -17 kDa 

  

GAPDH 

-34 kDa 

 

Figure 1: Western blots of cortical neurons, 20 hour exposure to DNA damage inducers: 10 uM 

Cisplatin, 5 uM Camptothecin, and 2 uM Etoposide. Proteins are identifiable due to their mass, measured 

in kilodaltons (kDa). Cleaved CDC25A bands are difficult to see but are present at top of their 

corresponding image. 

Control     Cisplatin   Camptothecin     Etoposide 
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Figure 2 compares how cells that received or didn’t receive the GFP appeared. Due to their 

bright green appearance, they were easy to identify. Figure 3 shows that cells that received 

higher expression CDC25A constructs have a statistically significant increase in cell death 

relative to the empty GFP construct ( p <.00011 for both constructs). Those that received the full 

length CDC25A construct compared to empty construct saw a threefold increase in cell death 

and those that received the cleaved length construct compared to empty construct saw a near 

fourfold increase in cell death. Cleaved length did witness more cell death than the full length, 

but this was not statistically significant (p = 0.103). This suggests that CDC25A over-expression 

causes cell death. 

 

 

Figure 2: Image of wells without (left) and with (right) the green fluorescent construct. Transfected cells 

were easily identifiable due to their green color, and upon being incubated with the Hoechst stain, also 

featured visibly blue nuclei. 
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** p < .005 

 

Figure 3: Comparison of cell death after transfection with each construct. The graph on the left is percent 

cell death (the percentage of dead cells among the total number of cells), and the graph on the right 

displays these results as relative values to one another, where the Empty Construct’s death is 1, and the 

other cell death values are the construct’s percent death divided by the Empty Construct’s death 

percentage. n = 12 trials. 

 

 

 

Discussion 

This study examined the potential role of CDC25A and its cleaved form in neuronal apoptosis. 

CDC25A is a protein typically studied in cancer research so this is a unique approach in studying 

the protein. The results demonstrated that CDC25A has a significant role in inducing neuronal 

apoptosis, particularly in its cleaved form. Adding CDC25A genes to cells caused death, and 

inducing death increased CDC25A expression, so it is apparent that it is somehow implicated in 

neuronal apoptosis. 
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Adding the CDC25A construct, both full length and cleaved, caused significant cell death 

amongst the cortical neurons it was administered to. While the cleaved form did cause more cell 

death than the full length, the difference was not statistically significant (p = .103). This may be 

due to a small trial set (n = 12) or the death assessment assay, which determined cell death by 

visually examining cells. Future studies may wish to incorporate multiple trials of blind 

counting, where the counter is not aware of which wells received which construct, which would 

minimize selection bias. 

 

Cellular incubation with cytotoxins also caused cellular death, although no statistical analysis 

was performed, as quantitative results were not obtained; rather relative comparisons of protein 

expression were examined. This death coincided with heightened CDC25A expression, as seen 

in Figure 1. Future studies could test various concentrations of cytotoxins and then perform 

statistical assays comparing the concentration-dependent levels of cell death with CDC25A 

expression. 

 

Mazars, et al., (2008) and Kemeny, ( 2016) suggest that CDC25A cleavage is regulated by the 

cleavage of caspase-3 in a feedback loop mechanism. Cleaved caspase-3 can cleave CDC25A, 

and, as seen by these results, cleaved CDC25A increased cleaved caspase-3 levels. This would 

create an exponentially accelerating loop of cleavage that could explain this neuronal death in 

greater detail. This could also explain why both cytotoxins and the CDC25A construct caused 

death, as the toxins would activate caspases, cleaving CDC25A. The heightened CDC25A from 

the construct would also initiate caspase activity by interacting with CDK2, which would 

subsequently initiate caspase activity. This would continue as a perpetual cycle of CDC25A 
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cleavage and caspase activation until the cell dies from apoptosis. Future studies may wish to see 

if inhibition of caspase-3 cleavage might affect CDC25A cleavage. Full length CDC25A is 

shuttled into the nucleus due to its amino acid sequence, but is also capable of leaving due to a 

region that carries an exit sequence (Kallstrom, et al., 2005). However, Mazars, et al., (2008) and 

Kemeny, (2016) suggest that when CDC25A is cleaved, it retains the sequence required to enter 

the nucleus but loses the sequence necessary to exit. This could explain why the cleaved form is 

more active in the induction of neuronal apoptosis. More research would be needed to compare 

amino acid residues of the cleaved and full forms, and to see whether the cleaved form localizes 

in the nuclei or not. 

 

One limitation of this study was the inability to produce a high transfection rate among the 

cortical neurons. Neurons are traditionally hard to transfect but this study’s transient transfection 

efficiency was remarkably low (< 2%). Even attempts with lentiviral vectors (which were not 

used in the final results) only resulted in an approximate 20% transfection rate. This made 

assessing cell death difficult, as there were relatively few cells that received the construct and 

thus could be assayed. Future work could be done to verify these results if a superior transfection 

efficiency was obtained. With a high enough rate, one could assess the death via Western 

Blotting, by assessing caspase (death enzyme) protein levels, in addition to nuclei counting. 

 

Neurodegenerative diseases are a widespread plague in the modern world that claims the lives of 

millions each year. For many families, they are an unstoppable force that slowly and cruelly 

takes away the lives of their loved ones. For almost all of these diseases there are no effective 

treatments and the only options are to lessen the pain and improve conditions for the patient. By 

performing this research, it was hoped that any discoveries made could benefit those suffering 
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from these diseases. Subsequent studies may look at different angles of these diseases or may 

wish to further study CDC25A, using knowledge this study gleaned as a foundation. Whatever 

the case, we hope that discoveries that fight neurodegeneration continue to be made and that 

these diseases will one day no longer assail us. 
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