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ABSTRACT 
 
Ovarian cancer is the fifth leading cause of cancer mortality in women and the second 

most common gynecological cancer. Epithelial ovarian cancer, the most lethal and most 

common form, has a five-year survival rate of 47% and accounts for 95% of ovarian 

malignancies. Limited development of effective therapies has led to a stagnate overall 

survival rate and lack of options for patients undergoing treatments, leading many 

researchers to continue to search for possible therapeutic targets. The septin protein 

family is a highly conserved family of GTP-binding proteins that interact with the 

cellular membrane, provide scaffolding for protein attachments, and assist in cell 

migration. Septin-2 has recently been implicated in the tumorigenesis of epithelial 

ovarian cancer through altering cellular metabolism and other mechanisms. The objective 

of this investigation is to continue to study the role of septin-2 protein expression in the 

pathogenesis of epithelial ovarian cancer. We will investigate tumorigenic properties of 

cells that overexpress septin-2 and septin-2 knockdown cells. Thus far, successful 

completion of knockdown cell lines was performed in ES-2 and SKOV-3 cell lines, but 

overexpression cell lines were not as successful, as a significant increase in the septin-2 

protein was not observed. WNT1 protein localization changed from the nucleus to the 

cytoplasm in the SKOV-3 cell line only when septin-2 was downregulated, indicative of a 

change in the WNT1 signaling pathway in those cells. Furthermore, SKOV-3 knockdown 

septin-2 cells form less tightly compact spheroids than control SKOV-3 cells. This study 

may provide insights into septin-2 as a possible target for treatment.   
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I. INTRODUCTION 
 

1. Ovarian Cancer 
 

1.1 Overview 
 
Cancer is a public health concern, as it is the second leading cause of death in the 

United States.  However, survival rates of all cancers have increased by 20% in the last 

30 years (Siegel, Miller, & DVM, 2017).  Although overall survival rates have improved, 

this cannot be said for all cancer types, as many, such as ovarian cancer, still have low 

survival rates.   

Ovarian cancer is a disease that originates from the ovaries, fallopian tubes, 

and/or the surrounding peritoneal cavity (Center for Disease Control, 2019).  It is the fifth 

leading cause of cancer mortality in women and the second most common gynecological 

cancer, with a mortality rate of 6.7 per 100,000 women (Amin, Ross, Lee, Guy, & 

Stafford, 2019; Center for Disease Control, 2019; Desai, 2014).  The molecular basis for 

ovarian cancer is currently not well understood.  Mutations of the oncogenes HER2, C-

myc, K-ras, Akt, and the tumor suppressor gene p53 have been observed in past studies 

(Desai, 2014).  The molecular nature of disease progression is also not well understood, 

but is thought to be related to reproduction, hormone concentrations, ovulation, and 

certain somatic mutations (Desai, 2014).   

Some potential risk factors for disease development include middle age, BRCA or 

TP53 gene mutations, reproductive or hormonal factors such as infertility, and previous 

conditions or family history of breast, uterine, or colon cancers, or endometriosis (Amin 

et al., 2019; Center for Disease Control, 2019; Desai, 2014).  BRCA mutations are 

common risk factors associated with ovarian cancer, but the BRCA1 mutations are 
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thought to have a greater impact on disease development than BRCA2 mutations (Desai, 

2014).  BRCA1 mutations in women over 70 years of age leads to a 40-50% increased 

risk of disease, while there is only a 10-20% increased risk for those with a BRCA2 

mutation  (Desai, 2014).  BRCA1 mutation is also commonly associated with early onset 

disease at an average age of 52 years, while the overall average age of disease onset is 62  

(Desai, 2014).  Not many protective factors exist, but one that is known to be is a 

previous history of pregnancy (Amin et al., 2019). 

 

1.2 Types of ovarian cancer 
 
There are different types of ovarian cancer that vary by the cell type the tumor 

originates from.  Epithelial ovarian cancer arises from the epithelium of the ovary, 

fallopian tube or surrounding peritoneal cavity.  Germ cell ovarian cancer arises from 

reproductive cells.  Stromal cell ovarian cancer arises from connective tissue.  Small cell 

carcinoma arises from an unknown cellular origin (“Types of Ovarian Cancer - Ovarian 

Cancer Research Alliance,” n.d.).  Depending on tissue origin and staging, patient 

prognoses differ.  All stages of epithelial ovarian cancer have an overall five-year 

survival rate of 47%, while ovarian stromal tumors have a five-year survival rate of 89%, 

germ cell tumors of the ovary have a 89% five-year survival, and fallopian tube cancer 

has a 60% survival rate (American Cancer Society, n.d.).  This makes epithelial ovarian 

cancer the most lethal of the different types, and it is also the most common form, 

accounting for 95% of ovarian malignancies (American Cancer Society, n.d.; Desai, 

2014).   
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1.3 Epithelial ovarian cancer 
 
Just as there are different types of ovarian cancer, there are also subtypes of 

epithelial ovarian cancer.  The most common subtype is high-grade serous carcinoma, 

making up roughly 70% of all diagnosed epithelial ovarian cancers (Center for Disease 

Control, 2019; Desai, 2014).  Serous carcinoma tumors originate either from the ovary or 

fallopian tube epithelium.  There are also low-grade serous carcinomas, but they are 

much less common, making up only 5% of all epithelial ovarian cancers (Desai, 2014; 

“Ovary - Epithelial Carcinoma,” n.d.) 

Clear cell carcinoma and endometrioid carcinoma both arise from endometriosis 

tissue; however, the overall survival for clear cell carcinomas is lower than endometrioid 

carcinomas due to risk of venous thromboembolism and chemotherapy resistance.  Each 

type makes up about 10% of epithelial ovarian cases. (Desai, 2014; “Ovary - Epithelial 

Carcinoma,” n.d.) 

Mucinous tumors are rare, making up a total of 5% of epithelial ovarian cases.  

These tumors are often large and hard to distinguish between metastatic tumors that may 

have originated from the colon, cervix, appendix, or pancreas.  (Desai, 2014; “Ovary - 

Epithelial Carcinoma,” n.d.) 

Brenner and transitional cell tumors are even rarer than mucinous tumors.  They 

tend to resemble tissue in the bladder and are most often benign when detected (Desai, 

2014). 
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1.4 Diagnosis  
 
When all cancers are diagnosed, they are assigned stages that reflect how 

developed the disease is.  Staging of ovarian cancer is defined as follows.  Stage 1 

ovarian cancer is confined to one or both ovaries.  Stage 2 disease includes involvement 

of one or both ovaries and spread to the uterus, fallopian tubes, or surrounding sites in the 

pelvis.  Stage 3 includes disease involving one or both ovaries and spread to lymph nodes 

and/or other sites within the abdominal cavity.  Stage 4 includes involvement in one or 

both ovaries and spread to distant sites in the body.  (Desai, 2014) 

Diagnosis of ovarian cancer often occurs at a late stage, with the average 

diagnosis at stage 3, due to a lack of effective screening mechanisms and lack of general 

understanding of how the cancer occurs and of the cellular origin (Amin et al., 2019; 

Desai, 2014; Tsibulak, Zeimet, & Marth, 2019).  There are some detection methods 

available, although they have high false positive and false negative rates for detecting 

cancer (American Cancer Society, n.d.).  One includes a pelvic exam which may be able 

to detect a tumor, but the tumors are almost never large enough to be detected this way 

(American Cancer Society, n.d.).  Another method is through ultrasound, but most tumors 

that are detected this way are noncancerous (American Cancer Society, n.d.).  There is 

also a blood test to detect elevated levels of the protein CA-125, although high levels of 

this protein may also occur due to other conditions such as endometriosis or pelvic 

inflammatory disease (American Cancer Society, n.d.).  Only 20% of ovarian cancers are 

found at earlier stages, 1 and 2, and the prognosis of survival is as high as 94% when the 

cancer is detected at these stages (American Cancer Society, n.d.). 
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1.5 Treatments 
 
Even though ovarian cancer is a lethal and common disease, limited development 

of effective therapies has led to a stagnant overall survival rate and lack of options for 

patients undergoing treatments.  The standard of care for invasive epithelial ovarian 

cancer is surgery to remove the tumor followed by a regimen of chemotherapy that has 

been used since the 1990s (Center for Disease Control, 2019; Tsibulak et al., 2019). 

Surgery alone is often adequate treatment for cancer at stages 1 and 2, although 

adjuvant chemotherapy is recommended for high grade tumors.  This treatment has a 

five-year survival rate of up to 82% for those that get chemotherapy, and 74% for those 

without it.  For cancer at stages 3 and 4 when diagnosed, chemotherapy is a required 

treatment in addition to initial surgery.  If surgery is optimal, then the median survival is 

found to be 39 months, and suboptimal surgery leads to a median survival of only 7 

months (Desai, 2014). 

Other treatment options such as targeted therapy, immunotherapy, and radiation 

have been attempted, but overall survival and progression-free survival have not 

significantly improved (Center for Disease Control, 2019; Desai, 2014; Tsibulak et al., 

2019).  Patients that are eligible may participate in clinical trials of drugs that prevent 

angiogenesis, but again, none have been so promising as to greatly increase overall 

survival (Center for Disease Control, 2019). 
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1.6 Outcomes 
 
Overall survival has remained stagnant for those diagnosed with epithelial ovarian 

cancer over the last 30 years, but current treatments have allowed progression-free 

survival rates to increase (Tsibulak et al., 2019).  This gap in effective treatment options 

leads many researchers to continue to search for new treatments targeting epithelial 

ovarian cancer. 

 

2. Septin-2 
 

2.1 Overview 
 

The septin protein family is a highly conserved family of GTP-binding proteins 

that interact with the cellular membrane, provide scaffolding for protein attachments, and 

assist in cell migration (Akhmetova, Chesnokov, & Fedorova, 2018; Poüs, Klipfel, & 

Baillet, 2016).  They have many other functions including maintaining cell shape, 

assisting in the formation of flagella and cilia, chromosome segregation, apoptosis, and 

other key processes necessary for cell division, differentiation, and morphogenesis 

(Akhmetova et al., 2018).   

Mutations of septin proteins have been linked to diseases such as male sterility, 

ciliopathy, and neuromuscular disorders (Akhmetova et al., 2018; Menon & Gaestel, 

2017).  The abnormal functioning of septins, as a result of upregulation, downregulation 

or mutation, has been associated with tumor development, Alzheimer’s, Parkinson’s, 

schizophrenia, and infectious diseases (Akhmetova et al., 2018).  The septin family 

proteins, including septin-2 itself, have been linked to many cancers already, including 
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leukemia, lymphoma, breast cancer, head and squamous cell carcinoma, and colorectal 

cancer (Fung, Dai, & Trimble, 2014). 

 

2.2 Role in cancer and other diseases 
 
Septins are believed to function in cancer progression through multiple 

mechanisms, including association with RAS oncogenes, actin remodeling during mitosis 

and cell migration, aneuploidy, metastasis, angiogenesis, and failure of apoptosis (Fung 

et al., 2014; He et al., 2019).  Septin-2, specifically, is thought to be involved in many 

cancers by being able to alter cellular pathways such as the MEK/ERK pathway, 

becoming upregulated, becoming phosphorylated, influencing gene expression, 

increasing proliferation rates, and/or increasing angiogenesis (He et al., 2019; Poüs et al., 

2016).  Ultimately, upregulation of the protein is most commonly seen of septin-2 in 

cancers, and may lead to all of the above mechanisms resulting in cancer development 

(He et al., 2019; Poüs et al., 2016). 

Septin-2 has been found to be highly expressed in breast cancer, biliary tract 

cancer, colorectal cancer, and acute myeloid leukemia (Akhmetova et al., 2018; He et al., 

2019; Poüs et al., 2016).  Septin-2 is not the only member of the family associated with 

disease, many different septins are highly expressed in liver, lung, brain, breast, gastric 

and other cancers (He et al., 2019).  Overexpression of septins in cancer may also be 

associated with lymph node invasion, staging of cancer, and lower overall survival (He et 

al., 2019).   

Septin-2 and septin-9 proteins have been found to be overexpressed in glioma 

tissues and cell lines (Xu et al., 2018).  Knockdown studies of these two proteins in 
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glioblastoma cell lines showed an inhibition in the proliferation rate of glioma cells in 

vitro as well as a decrease in invasive capacity and growth in vivo, demonstrating that 

septin-2 and septin-9 may be viable targets for future targeted cancer therapies (Xu et al., 

2018).   

 

2.3 Recent implications in ovarian cancer 
 
Septin-2 has recently been implicated in ovarian cancer for the first time, and like 

the many other diseases previously mentioned, it may provide a targeted way to treat the 

cancer.  Through immunohistochemical analysis, it has been concluded that septin-2 is 

upregulated in serous and clear cell carcinomas when compared to benign tissue.  

Knockdown of septin-2 in epithelial ovarian cancer cell lines has led to a decrease in 

proliferation rates, similarly to the results found in knockdown glioma cell lines 

previously discussed (Xu et al., 2018).  Proteomic analysis showed that four proteins that 

have previous tumorigenic implications, galetin-3 binding protein, transketolase, poly(A) 

binding protein, and enolase-1, all showed substantial decreases in expression in 

knockdown septin-2 cells as compared to the control.  Analysis of these target proteins 

revealed that septin-2 alters translational and post-transcriptional modifications and 

cellular metabolism in malignant cells (James et al., 2019). 

 

3. In vitro studies 
 

3.1 Cell lines and origin 
 

In vitro studies make up a majority of the initial cellular studies of septin-2 in 

disease development.  These are primarily performed using cell lines.  The study that 
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originally identified septin-2 in the pathogenesis of epithelial ovarian cancer used the cell 

line SKOV-3, which originated from a case of serous carcinoma (“SKOV-3/Luc Cell 

Line from MyBioSource.com | Biocompare.com,” n.d.; “SKOV-3/RFP cell line,” n.d.).  

Another epithelial ovarian cancer cell line, ES-2, was derived from a tumor classified as 

clear cell carcinoma (“Cellosaurus cell line ES-2 (CVCL_3509),” n.d.; “ES-2/GFP cell 

line,” n.d.).  Both of these cell lines will be used to further study septin-2 in epithelial 

ovarian cancer.  These were chosen because serous and clear cell carcinomas were the 

only two subtypes that showed overexpression of septin-2 in immunohistochemical 

analysis (James et al., 2019).  As in the previous study, knockdown versions of these cell 

lines will be created by transfection with short hairpin RNA (shRNA) (Moore, Guthrie, 

Huang, & Taxman, 2010).  In addition to the knockdown septin-2, overexpression cell 

lines will be created by transfection with complimentary DNA (cDNA) (Boot, Dokic, & 

Peeters, 2001).   

 

4. Hypothesis and Goal 
 

It is hypothesized that septin-2 protein increases ovarian cancer cells tumorigenic 

capacity.  The objective of this investigation is to continue to study the role of septin-2 

protein expression in the pathogenesis of epithelial ovarian cancer.  The goal is to study 

how the septin-2 protein, when over- and under-expressed in ovarian cancer cell lines, 

affects the tumorigenic capacity of those cells.  This is important for the future of ovarian 

cancer research and treatment, as this is a novel interaction and may provide future 

insights into a possible treatment target.   
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II. MATERIALS AND METHODS 
 

1. Cell culture and passaging 
 

Cell culture was performed to maintain ES-2 and SKOV-3 cell lines that were to be 

used in future experiments as described.  ES-2 cells were maintained in Roswell Park 

Memorial Institute media (RPMI; Thermo Fisher Scientific) supplemented with 10% fetal 

bovine serum (FBS; Thermo Fisher Scientific).  SKOV-3 cells were maintained in 

Dulbecco’s Modified Eagle Medium (DMEM; Thermo Fisher Scientific) media with 

10% FBS.  Cell passaging was performed as necessary when cells were confluent in their 

dishes.   

Passaging was performed by removing media from the dish, washing it with 

Dulbecco’s phosphate buffered saline (DPBS; Thermo Fisher Scientific), and then adding 

0.1-1 mL trypsin to lift the cells from the plate. The trypsin was deactivated by adding the 

solution of trypsin and cells to RPMI or DMEM supplemented with FBS.  The cells were 

centrifuged, the supernatant was removed, and the pellet was resuspended in media and 

plated in concentrations according to the desired confluency. 

Cells were grown in cell culture-treated petri dishes and were kept in an incubator at 

37°C.  Aseptic technique was observed at all times when performing cell culture.      

 

2. Transfection of cells with septin-2 shRNA and cDNA 
 
 Transfection of septin-2 shRNA (Santa Cruz Biotechnology) and cDNA 

(OriGene) into ES-2 and SKOV-3 cell lines was performed as follows. Lipofectamine 

2000 or lipofectamine 3000 (Thermo Fischer Scientific) was used when transfecting 

septin-2 shRNA and septin-2 cDNA into cells.  During the transfections, serum free 
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media was used.  shRNA or cDNA was added to serum free media and lipofectamine 

2000/3000 was added to a separate solution of serum-free media.  After a 5-minute 

incubation at room temperature, the solutions were combined and incubated for 20 

minutes.  The combined solution was then added to the cells and incubated overnight.  

The following day, the cells were rinsed and media containing serum and antibiotic was 

added to select for successfully transfected cells.  Cells transfected with shRNA received 

media with the antibiotic puromycin and those transfected with cDNA received media 

with the antibiotic geneticin (G418).  RPMI medica was used for the ES-2 cells and 

DMEM media was used for SKOV-3 cells.  After transfection, cells were maintained in 

media containing antibiotic.  

 

3. Single cell selection 
 
 After transfection and selection using antibiotic, single cell selection was 

performed to select a monoclonal population of each cell line.  Monoclonal selection was 

used to create cell lines of control shRNA ES-2 and SKOV-3 cells, septin-2 shRNA ES-2 

and SKOV-3 cells, control cDNA ES-2 and SKOV-3 cells, and septin-2 cDNA ES-2 and 

SKOV-3 cells.  Single cell selection was performed for all 8 of these cell lines by diluting 

the cell culture solution after centrifuging during passaging to make a solution of 1 cell 

per 100 μL of media solution.  Cells were counted using a hemocytometer.  100 μL of 

this solution was then added to each well of 96-well plates.  The cells were grown for 2 

days, and then all wells were checked using a light microscope for monoclonal growth.  

Those that had monoclonal growth were marked and allowed to grow for 5 additional 
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days.  Monoclonal populations were then moved to larger dishes and allowed to grow 

until there were enough cells to lyse to perform Western blot analysis.  

 

4. Cell lysis 
 
 Cell lysis was performed for Western blot analysis.  The protocol for cell 

passaging was used up until dilution of cells into media after centrifugation.  After 

centrifugation, the cell pellet was resuspended in lysis buffer and transferred into a clean 

Eppendorf tube.  These Eppendorf tubes were kept on ice for 15 minutes before being put 

into the -20°C freezer for storage and later use.     

 

5. Western blots 
 
 For each sample, 100 μg of protein was added to loading buffer and reducing 

agent.  Samples were heated at 70°C for 10 minutes.  The samples were then added to the 

gel which was run for 30-60 minutes at 135V.  The membrane transfer was completed 

using the Trans-Blot Turbo Transfer System.  The membrane was then blocked in 5% 

milk in phosphate buffered saline plus Tween (PBST) for 20 minutes.   

After blocking, the membrane was transferred to primary antibody, rabbit anti-

septin-2 (Sigma-Adlrich, 07-1813), diluted 1:500 in 5% milk in PBST.  The membrane 

was incubated in this solution overnight at 4°C.  The following day, the membrane was 

rinsed 3 times for 5 minutes in PBST at room temperature.  The membrane was then 

incubated in 5% milk in PBST containing the secondary antibody, anti-rabbit (Millipore 

Sigma, AP188P) diluted 1:1000, for 1 hour at room temperature.  The membrane was 

then imaged for detection of septin-2. 
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 After initial imaging of the septin-2 protein using a Chemiluminescence Imaging 

System, the membrane was incubated at room temperature for 15 minutes with Western 

blot stripping buffer (Thermo Fisher Scientific).  The membrane was then blocked for 15 

minutes at room temperature for 30 minutes in a 5% milk in PBST solution.  The 

membrane was transferred to a conjugated GAPDH antibody (Thermo Fisher Scientific, 

MA5-15738-HRP) solution diluted 1:500 in 5% milk in PBST and incubated for 1 hour at 

room temperature.  The membrane was rinsed 3 times for 5 minutes in PBST at room 

temperature and then imaged for detection of GAPDH. 

 

6. Freezing cells 
 
 Once monoclonal populations were successfully selected, these populations were 

frozen to ensure continuation of the monoclonal lines. To freeze cells, the media of the 

culture dish was first removed.  The cells were washed with PBS and then incubated in 

0.5-1 mL trypsin for 5 minutes to lift the adherent cells.  The trypsin was deactivated to 

prevent cell death due to prolonged exposure by adding this solution to culture media.  

The cells in solution were spun in the centrifuge at 1000 RPM for 5 minutes.  Freeze 

media was then prepared by creating a solution containing 50% culture media, 40% FBS, 

and 10% DMSO.  After the centrifugation was complete, the supernatant was removed 

completely.  Each pellet was suspended in 1 mL of freeze media and transferred to a 

freeze vial.  Each sample was placed on ice for at least 5 minutes before being placed into 

a Mr. Frosty freezing container and transferring to the -80°C freezer. 
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7. Spheroid growth 
 
 The protocol for cell passaging was completed as described above.  Then, after 

the supernatant was removed, the cells were resuspended in 1 mL of Iscove’s Modified 

Dulbecco’s Medium (IMDM, Thermo Fisher Scientific).  A hemocytometer was used to 

count the cells in the solution and then the solution was diluted to 3,000 cells/100 μL.  

100 μL of the diluted solution was then plated into a low-attachment 96 round-bottomed 

well dish.  The cells were then placed in the incubator at 37°C to allow the spheroids to 

form for 2 days. 

   

8. Spheroid embedding 
 
 After the spheroid growth, the media was removed from the wells and the 

spheroids were rinsed with PBS.  The PBS was removed and 4% paraformaldehyde 

(PFA) was added to the spheroids for 5 minutes to fix them.  

 Spheroids were then transferred into disposable plastic dishes.  Enough molten 

HistoGel (Thermo Fisher Scientific) was then added to cover the spheroids.  The 

HistoGel samples were then embedded in molten paraffin and allowed to cool.  The 

embedded spheroids were stored in the -80°C freezer until cyrosectioning. 

 

9. Cryosectioning of spheroids 
 
 Frozen spheroid samples were placed and mounted in the cryostat chamber.  The 

spheroid samples were sectioned at a 7 μM thickness.  The sections were mounted onto 

labeled Histobond microscope slides, up to six sections per slide.  After sectioning, the 

slides were stored in the -80°C freezer until further use and imaging.   
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10. Immunofluorescent staining of spheroids 
 
 The protocol for cell passaging was completed up until plating of the resuspended 

cell solution.  The cell solution was plated over coverslips in a 6-well dish to get cells to 

adhere to the coverslip for staining.  The cells were allowed to incubate overnight at 

37°C.   

 The following day, the media was removed from the wells and the cells were 

rinsed with PBS.  They were then fixed with 4% paraformaldehyde for 5 minutes at room 

temperature.  The wells were then rinsed 3 times with PBS.  The cells were 

permeabilized by incubating for 5 minutes at room temperature in a solution of 0.1% 

triton in PBS.  The cells were then rinsed again 3 times with PBS.  The cells were 

incubated for 30 minutes in a solution of horse serum diluted in PBST at room 

temperature. 

 To detect the WNT1 protein, the primary antibody, rabbit anti-WNT1 (Millipore 

Sigma), was diluted 1:100 in horse serum in PBST solution.  The primary antibody 

solution was added to the cells and allowed to incubate at room temperature for 1 hour. 

Control cells received no primary antibody. The cells were then rinsed 3 times with PBS.  

The secondary antibody, anti-rabbit (Millipore Sigma), was diluted 1:500 in horse serum 

in PBST solution.  The secondary antibody solution was added to the cells and allowed to 

incubate for 45 minutes at room temperature in the dark.  The cells were washed again 3 

times with PBS.  Mounting media with DAPI was added to a glass slide, and the 

coverslip containing the stained cells was placed cell-side down on top of the slide. The 

cells were then imaged using a confocal microscope with 20X magnification. 
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III. RESULTS 

 

1. Septin-2 expression in derivative cell lines 

Transfections were performed to alter the protein expression of septin-2 in epithelial 

ovarian cancer cell lines.  By altering expression of the septin-2 protein, the effect that 

the septin-2 protein has on many different characteristics of the cancer cells, such as 

metabolism or altered protein expression, can be investigated. This will help to determine 

whether or not septin-2 is a viable target for cancer therapy.  The two cancer cell lines 

used in the study were SKOV-3, a serous carcinoma, and ES-2, a clear cell carcinoma.  

These two ovarian cancer types differ in shape, size, and protein expression, and by 

including both in this study, the role of septin-2 protein expression in different cells types 

can be evaluated.   

To generate knockdown cell lines, the parental cells were transfected with septin-2 

shRNA, which leads to target gene silencing by blocking translation of mRNA copies of 

septin-2.  To generate septin-2 overexpressing cell lines, the parental cells were 

transfected with septin-2 cDNA, leading to overexpression through increased 

transcription and translation of the target gene.  The empty vector was used as a control 

for both knockdown and overexpression transfections.  After transfecting cells with 

septin-2 shRNA or cDNA, Western blot analysis was used to confirm expression of the 

septin-2 protein.   

First, the transfection of control and septin-2 shRNA into SKOV-3 cells was 

confirmed through Western blot analysis (Figure 1; James et al., 2019).  Figure 1 shows 

successful knockdown of the septin-2 protein in two monoclonal populations, C9 and 
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C11, as compared to the shRNA control.  From band quantification, it was found that 

Septin C9 and Septin C11 derivative cell lines express septin-2 at 41% and 32%, 

respectively, as compared to the control (see Figure 5, blue columns). 

 

 

 

 

 

 

 

 

Next, the transfection of control and septin-2 cDNA into SKOV-3 cells was 

confirmed through Western blot analysis (Figure 2).  Figure 2 shows the successful 

upregulation of septin-2 protein in the C3 clone of SKOV-3 cells as compared to the 

control population.  The upregulation of septin-2 is not as pronounced as the 

downregulation of the septin-2 protein in Figure 1.  From band quantification, it was 

found that the Septin C3 derivative cell line expresses the septin-2 protein by 108% as 

compared to the control sample (see Figure 5, orange columns). 
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Figure 2, Verification of septin-2 upregulation at the protein level visualized by Western blot.  Image of 
Western blot detection of septin-2 (upper band, as labeled) and GAPDH (lower band, as labeled), which 
was probed as a loading control.  Control lane is a protein sample taken from a clone of the SKOV-3 cell 
line transfected with empty vector cDNA.  The septin C3 lane is a clone of the SKOV-3 cell line 
transfected with septin-2 cDNA. 

Figure 1, Verification of septin-2 knockdown at the protein level visualized by Western blot.  
Image of Western blot detection of septin-2 (upper band, as labeled) and GAPDH (lower band, 
as labeled), which was probed as a loading control.  Control lane is a protein sample taken 
from a clone of the SKOV-3 cell line transfected with empty vector shRNA.  Septin C9 and septin 
C11 lanes are different clones of SKOV-3 cells transfected with septin-2 shRNA. 
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 The transfection of control and septin-2 shRNA into ES-2 cells was confirmed 

through Western blot analysis (Figure 3).  Figure 3 shows that successful knockdown of 

septin-2 protein in three different monoclonal populations (Septin C3, C4, and C5) as 

compared to two control populations (Control C4 and C5).  From band quantification, it 

was found that Septin C3, Septin C4, and Septin C5 derivative cell lines express the 

septin-2 protein at 67%, 50%, and 63%, respectively, as compared to the control samples, 

Control C4 and Control C5 (see Figure 5, green columns). 

 

 

 

 

 

 

 

 

 

 

Finally, the transfection of control and septin-2 cDNA into ES-2 cells was confirmed 

through Western blot analysis (Figure 4).  Figure 4 shows successful upregulation of 

septin-2 protein in the Septin C1 monoclonal population as compared to the control 

cDNA transfection.  This appears to be a more successful upregulation than the 

transfection of SKOV-3 cells with septin-2 cDNA (Figure 2).  From band quantification, 
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Figure 3, Verification of septin-2 knockdown at the protein level visualized by Western blot.  Image of 
Western blot detection of septin-2 (upper band, as labeled) and GAPDH (lower band, as labeled), which 
was probed as a loading control.  Control lanes C4 and C5 are protein samples taken from two different 
clones of the ES-2 cell line transfected with empty vector shRNA.  Septin C3, septin C4 and septin C5 lanes 
are different clones of ES-2 cells transfected with septin-2 shRNA. 
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it was found that Septin C1 derivative cell line expresses the septin-2 protein at 124% as 

compared to the control sample, Control C1 (see Figure 5, yellow columns).   

 

 

 

 

 

 

 

 All Western blots were quantitatively analyzed for septin-2 expression using 

ImageJ.  This quantification of all Western blots can be seen below, in Figure 5. 
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Figure 4, Verification of septin-2 upregulation at the protein level visualized by Western blot.  
Image of Western blot detection of septin-2 (upper band, as labeled) and GAPDH (lower band, as 
labeled), which was probed as a loading control.  Control C1 lane is a protein sample taken from a 
clone of the ES-2 cell line transfected with empty vector cDNA.  The septin C1 lane is a clone of the 
ES-2 cell line transfected with septin-2 cDNA. 
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Figure 5, Relative Expression of Septin-2 Protein in Derivative Cell Lines Detected via Western Blot.  This figure 
shows the relative amounts of septin-2 protein in SKOV-3 shRNA samples (blue, Figure 1 Western blot), SKOV-3 
cDNA samples (orange, Figure 2 Western blot), ES-2 shRNA samples (green, Figure 3 Western blot), and ES-2 cDNA 
samples (yellow, Figure 4 Western blot). 

 
 

2. Cell staining for WNT1 protein expression 
 
 WNT1 is a protein coded for by the Wnt1 proto-oncogene and is often 

upregulated in many human cancers (Zhan, Rindtorff, & Boutros, 2017).  The signaling 

pathway of the WNT1 protein is involved in the regulation of cell division, development, 

and “stemness” of cells (Zhan et al., 2017).  The WNT1 protein has been implicated in 

many cancers, such as colorectal, leukemia, and breast cancers (Zhan et al., 2017).  The 

WNT1 protein has specifically been implicated in the epithelial-mesenchymal transition 

of cells, which causes epithelial cells to take on the morphology of mesenchymal cells, 
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which leads to an increased migratory ability, invasiveness, resistance to apoptosis, and 

production of extracellular matrix components (Kalluri & Weinberg, 2009).  In this 

study, the expression of WNT1 in the ovarian cancer cells was analyzed. 

ES-2 control and septin-2 shRNA cells were plated onto cover slips and stained 

for the WNT1 protein by immunofluorescence (Figure 6).  Figures 6a and 6c show 

staining for DAPI (blue) alone in control shRNA ES-2 cells and septin-2 shRNA in ES-2 

cells, respectively.  The WNT1 protein (green) appears to be localized to the nucleus in 

both ES-2 control shRNA cells (Figure 6b) and ES-2 septin-2 shRNA cells (Figure 6d).  

Thus, there was no change in WNT1 expression or localization due to the knockdown of 

septin-2 protein in the ES-2 cell line when compared to the control shRNA cell line.  
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Figure 6, Staining of control and septin-2 shRNA ES-2 cells for WNT1, A) Image of ES-2 control 
shRNA C5 cells that are stained with DAPI. B) Image of ES-2 control shRNA C5 cells that are stained 
for WNT1 protein.  C) Image of ES-2 septin-2 shRNA C4 cells that are stained with DAPI. D) Image of 
ES-2 septin-2 shRNA C4 cells that are stained for WNT1 protein. 
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SKOV-3 control and septin-2 shRNA cells were also stained with DAPI and for 

the WNT1 protein by immunofluorescence (Figure 7).  Figures 7a and 7d show staining 

for DAPI and WNTI 1 primary antibody in the absence of WNT1 secondary antibody in 

the SKOV-3 control shRNA cells and SKOV-3 septin-2 shRNA, respectively.  Figures 7b 

and 7e show staining for DAPI and WNT1 in the presence of secondary antibody in 

SKOV-3 control shRNA cells and SKOV-3 septin-2 shRNA cells, respectively.  Figures 

7c and 7f show staining for the WNTI protein in the presence of secondary antibody in 

SKOV-3 control shRNA cells and SKOV-3 septin-2 shRNA cells, respectively.  The 

WNT1 protein is localized to the nucleus of the SKOV-3 control shRNA cells (Figure 

7c).  The WNT1 protein localization is cytoplasmic in the SKOV-3 septin-2 shRNA cells 

(Figure 7f).    
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Figure 7, Staining of control and septin-2 shRNA SKOV-3 cells for WNT1, A) Image of SKOV-3 control 
shRNA cells that are stained with DAPI with no primary antibody for the WNT1 protein. B) Image of SKOV-3 
control shRNA cells that are stained with DAPI with primary antibody for the WNT1 protein. C) Image of SKOV-
3 control shRNA cells that are stained for the WNT1 protein.  D) Image of SKOV-3 septin-2 shRNA cells that are 
stained with DAPI with no primary antibody for the WNT1 protein. B) Image of SKOV-3 septin-2 shRNA cells 
that are stained with DAPI with primary antibody for the WNT1 protein. C) Image of SKOV-3 septin-2 shRNA 
cells that are stained for the WNT1 protein 
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3. Spheroid staining 
 

Spheroid growth is a technique that creates a 3D cell growth model that is commonly 

used in cancer research (Nath & Devi, 2016).  They allow for researchers to analyze cell-

cell and cell-matrix interactions to allow for better understanding of the tumor 

microenvironment (Nath & Devi, 2016).  Spheroid formation, embedding, sectioning, 

and staining were new procedures being used in the Ribeiro lab; therefore, protocol 

developments and modifications were required.  Cells were plated into round-bottom 96-

well dishes, grown for two days, embedded in HistoGel, and then cryosectioned.  Figure 

8 demonstrates successful SKOV-3 spheroid formation.  The image was taken following 

embedding, cryosectioning, and staining with DAPI.   

 

 

 

 

  

 

 

 

 

 

 

 

Figure 8, Staining of cryosection slice from spheroid of SKOV-3 cells, this figure shows an image of a spheroid grown 
from SKOV-3 cells stained with DAPI.  These cells were not transfected with any reagent. 
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 To study the effect of the presence of septin-2 on cell adhesion proteins, spheroids 

were stained for the presence of E-cadherin.  Looking at cell adhesion proteins is 

important for understanding the tumor microenvironment.  E-cadherin is an important 

cell adhesion molecule for epithelial cells and is known to be a tumor suppressor 

(Petrova, Schecterson, & Gumbiner, 2016).  The loss or change in function of E-cadherin 

results in loss of cell-cell adhesion, which can lead to tumor cell migration and 

metastasis, and like WNT1, may also lead to a epithelial-mesenchymal transition (Kalluri 

& Weinberg, 2009; Petrova et al., 2016).  It is also known that certain carcinomas retain 

their E-cadherin expression (Petrova et al., 2016).  Figure 9 shows images SKOV-3 

control shRNA spheroid sections (A-F) and SKOV-3 septin-2 shRNA spheroid sections 

(G-L) stained with DAPI (blue) and E-cadherin (red).  Figures 9 A, C, and E show 

staining with DAPI in SKOV-3 control shRNA spheroids.  Figures 9 G, I, and K show 

staining with DAPI in SKOV-3 septin-2 shRNA spheroids.  When comparing the 

spheroid morphology, it appears that the SKOV-3 control shRNA spheroids (Figure 9 A, 

C, and E) are more spherical than the SKOV-3 septin-2 shRNA spheroids (Figure 9 G, I, 

and K).  Figure 9 B, D, and F show staining for E-cadherin in SKOV-3 control shRNA 

spheroids.  Figure 9 H, J, and L show staining for E-cadherin in SKOV-3 septin-2 shRNA 

spheroids.  The E-cadherin protein staining is confirmed to be specific based on these 

results.  E-cadherin protein is present around the surrounding cell nuclei that are seen in 

the images stained for DAPI and is present in both cell lines in similar amounts.     
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Figure 9, Staining of cryosection slices from spheroid of SKOV-3 control shRNA (A-F) and septin-2 
shRNA (G-L), A, C, and E) are images of cryosection spheroid slices of SKOV-3 control shRNA stained 
with DAPI.  B, D, and F) are images of cryosection spheroid slices of SKOV-3 control shRNA stained for 
E-cadherin.   G, I, and K) are images of cryosection spheroid slices of SKOV-3 septin-2 shRNA stained 
with DAPI.  H, J, and L) are images of cryosection spheroid slices of SKOV-3 septin-2 shRNA stained for 
E-cadherin. 
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IV. DISCUSSION 
 

Despite the amount of cancer research performed over the last 30 years, epithelial 

ovarian cancers remain relatively incurable.  Research is currently being done to try to 

identify a way to diagnose epithelial ovarian cancers earlier and to find new treatments, 

such as through immunotherapy and radiation, but unfortunately, none have been more 

successful than the standard of care.  Septin-2 was recently implicated in epithelial 

ovarian cancers, as it has been found to be upregulated in both serous carcinomas and 

clear cell carcinomas from tumor samples (James et al., 2019).  It was previously found 

that knockdown of septin-2 in epithelial ovarian cancer cell lines slows the proliferation 

rate and affects cellular metabolism (James et al., 2019).  The aim of this study was to 

continue to study the role of septin-2 in the tumorigenic properties of serous and clear 

cell epithelial cancers.   

 

1. Septin-2 expression in derivative cell lines 
 

To understand the role the septin-2 protein plays in epithelial ovarian cancer 

progression, cell lines that upregulate and downregulate the protein were developed.  The 

cells lines used, SKOV-3 and ES-2, are serous and clear cell carcinomas, respectively. 

They are the only subtypes of epithelial ovarian cancer known to upregulate septin-2 in 

tumors, and thus are the only cell lines used in this study (James et al., 2019).  To create 

cell lines of ES-2 and SKOV-3 cells that downregulate septin-2 expression, the cells were 

transfected with septin-2 shRNA.  This was confirmed to be successful via Western blot, 

as seen in Figures 1, 3, and quantitatively in Figure 5.  To create cell lines of ES-2 and 

SKOV-3 cells that upregulate septin-2 expression, the cells were transfected with septin-2 
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cDNA.  This was confirmed to be successful via Western blot, as seen in Figures 2, 4, 

and quantitatively in Figure 5.   

The transfection of shRNA into ES-2 and SKOV-3 cells was more successful than 

the transfection of cDNA, as there is a larger difference in septin-2 protein expression 

between the cell lines that downregulate septin-2 as compared to controls, than those that 

upregulate the septin-2 protein.  The SKOV-3 septin shRNA C9 and C11 clones express 

septin-2 at 41% and 32%, respectively, showing at least a 50% decrease in septin 

expression as compared to control.  The SKOV-3 septin cDNA C3 clone expresses 

septin-2 at 108%, only an 8% difference as compared to control, which is much less of a 

change than that seen in the shRNA transfections.  The ES-2 septin shRNA C3, C4, and 

C5 clones express septin-2 at 67%, 50%, and 63%, respectively, as compared to the 

control, while the ES-2 septin cDNA C1 clone expresses septin-2 at 124%.  This change 

is less pronounced than the changes observed in the SKOV-3 cell lines, but the 

transfection of septin shRNA was still more successful than the transfection of the septin 

cDNA.   

A logical explanation for these results is that the septin-2 protein is already 

upregulated in these both cell lines, so attempting to further upregulate the protein is not 

feasible. In the future, it is important that another cell line be used that does not 

upregulate septin-2.  There are many other epithelial ovarian cancer cell lines that should 

be studied in the future.  At least 32 different cell lines have been previously studied for 

expression levels of proteins that are common in cancer, such as the P53 tumor 

suppressor protein, but none of these have been studied for the upregulation of septin-2 

(Anglesio et al., 2013; Tsuchiya et al., 2003).  It would be interesting to include these cell 
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lines in future studies to determine whether or not they also upregulate septin-2.  If they 

do not, upregulation of septin-2 should be attempted.  Future experiments on the 

upregulated cell lines could then be performed to test for whether or not septin-2 

increases the tumorigenic capacity. 

The expression of septin-2 in other cancer cell lines, such as glioblastoma, has 

been studied, and there are glioblastoma cell lines that upregulate septin-2 (Xu et al., 

2018).  A study by Xu et al. (2018) used knockdown septin-2 glioblastoma cell lines, but 

not cell lines with upregulated septin-2.  Thus, results using upregulated septin-2 protein 

would not only improve the study for ovarian cancer, but also provide new techniques 

and ideas for studies in other cancers.  

Because of the above described results, only the SKOV-3 and ES-2 cell lines 

transfected with shRNA to create knockdown cell lines of septin-2 were used in 

subsequent experiments.  

 

2. Cell staining for WNT1 protein expression 
 
 WNT1 is a protein that has been associated with many cancers, including ovarian 

cancers.  WNT1 is a proto-oncogene that is often upregulated in cancers and can lead to 

the epithelial-mesenchymal transition.  The epithelial-mesenchymal transition is 

important, as the cancers of interest are derived from ovarian epithelial tissues and are 

capable of undergoing this transition.  When cancer cells undergo the epithelial-

mesenchymal shift, the cancer cell morphology changes, which can lead to increased 

migration, increased cancer invasiveness, reduced cell death, and production of 

components of the extracellular matrix at a higher capacity (Kalluri & Weinberg, 2009). 
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 To study the expression and localization of the WNT1 protein in cancer cells, 

cells were plated, stained for the WNT1 protein, and then imaged using 

immunofluorescence.  The results of this can be seen in Figure 6 (ES-2 cell line) and 

Figure 7 (SKOV-3 cell line).   It was found that the expression level and localization of 

the WNT1 protein was not different between the ES-2 cells transfected with control 

shRNA and ES-2 cells transfected with septin-2 shRNA (Figure 6B and 6D, 

respectively).  The WNT1 protein expression was restricted to the nucleus of the cell in 

both control and septin-2 shRNA cells.  The expression level of septin-2 appears to have 

no effect on the WNT1 protein and signaling pathway, as the cells were unaffected when 

the septin-2 expression level was decreased.  The expression of the WNT1 protein also 

appears to be unchanged between the ES-2 cells transfected with control shRNA 

compared to those transfected with septin-2 shRNA. 

 However, a difference in WNT1 localization between the control and knockdown 

clones was seen in the SKOV-3 cell line (Figure 7).  It was found that the SKOV-3 cells 

transfected with control shRNA had the same nuclear localization of the WNT1 protein 

as in the ES-2 cell line (Figure 7C).  In the SKOV-3 cells transfected with septin-2 

shRNA the WNT1 protein localization is nonnuclear (Figure 7F).  This change in 

localization suggests a change in the WNT1 protein or WNT pathway when the septin-2 

protein expression was decreased.  This is the first time a change in localization of the 

WNT1 protein has been observed. 

 The change in localization of the WNT1 protein may also be indicative of a 

change in the epithelial-mesenchymal transition happening in these epithelial cells.  From 

these results alone, it is unclear exactly how decreased septin-2 protein expression in the 
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septin-2 shRNA SKOV-3 cells is affecting the WNT1 protein.  In the future, other 

members of the WNT1 signaling pathway may also be analyzed in this manner, as 

changes in the β-catenin protein localization has previously been observed in other 

studies (Zhan et al., 2017).  The WNT1 protein is a receptor protein and leads to 

signaling cascades that are dependent on β-catenin and independent of β-catenin, and this 

pathway only becomes active once the Wnt1 gene is mutated and turned on to be a 

functional oncogene (Zhan et al., 2017).  β-catenin plays an important role in disease 

development when it becomes activated by Wnt signaling (Valenta, Hausmann, & Basler, 

2012).   β-catenin has many functions in maintaining homeostasis through processes such 

as coordination of cell-cell adhesion and transcriptional activation (Zhan et al., 2017).  β-

catenin is normally localized to the cytoplasm of cells when Wnt signaling is not active, 

however, it has been found to become localized in the nucleus in certain cancers, such as 

pancreatic adenocarcinoma, when Wnt signaling is active (Valenta et al., 2012; Zhan et 

al., 2017).  If the experiment was repeated and tested for the localization of β-catenin 

rather than WNT1, we would expect β-catenin localization to be nuclear in cells if the 

Wnt signaling pathway is active in the cancer cell lines, and nonnuclear in the cells it 

Wnt signaling pathway is inactive.  It is expected that the Wnt signaling pathway would 

be active in the epithelial ovarian cancer cell lines, as Wnt signaling is a pathway 

commonly expressed in cancer.  Then, when we downregulate septin-2 in these cell lines 

with shRNA, we would be able to determine whether or not septin-2 affects this pathway.  

If knockdown septin-2 affects the Wnt signaling pathway, it would be expected that the 

β-catenin protein would be localized in the cytoplasm of the knockdown cells.      
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 The fact that the change in WNT1 protein localization was only seen in the 

SKOV-3 cell line suggests that the serous carcinoma cells are more sensitive to a 

decrease in septin-2 expression than the ES-2 clear cell carcinoma cells.  Further 

experiments need to be performed to confirm this, but if it were to be true, it would have 

major implications on which patients septin-2 expression affects.  If serous carcinomas 

are sensitive to decreased levels of septin-2, while clear cell carcinomas are not, then if a 

treatment to decrease expression or activity of septin-2 were developed, it may only be 

effective for those with serous carcinomas.   

 Similar to the ES-2 results, the expression of the WNT1 protein also appears to be 

unchanged between the SKOV-3 cells transfected with control shRNA compared to those 

transfected with septin-2 shRNA.  This comparison was only performed qualitatively and 

should be performed analytically in the future via Western blot for both cell lines. 

 

3. Spheroid staining 
 
 Growing spheroids in the lab is a recently developed technique, and it has become 

popular because of the advantages it provides for being able to study cells, which 

normally grow flat in lab, in 3D shapes, like tumors in patients.  Spheroids are useful for 

being able to look at the shape, size, and growth of cancer cells.  After growth, spheroids 

are often fixed, frozen, and then cryosectioned.  Sectioning spheroids allows researchers 

to be able to look at the different layers of a spheroid, like with a tumor.  The cells of the 

section may then be stained for different proteins.  Some of the most commonly detected 

proteins in spheroids are extracellular matrix (ECM) proteins, because they hold the 

spheroid together.  This has been commonly done using cancer cells too.  Like many 
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researchers that have already used techniques, it was of interest to grow and section 

spheroids, and to analyze them for the presence of ECM proteins (Nath & Devi, 2016). 

 Since the techniques using spheroids were new to the lab, much time was spent 

perfecting them. Spheroids were successfully grown, frozen, and cryosectioned, as seen 

in Image 8.  This image was stained only with DAPI to detect the cell nuclei, which 

confirmed that the techniques used had been successful, allowing further studies using 

spheroids. 

 SKOV-3 control shRNA and SKOV-3 septin-2 shRNA (Figures 1 and 5) were 

then cultured to grow into spheroids following the protocol as previously described in the 

Materials and Methods section.  The spheroids were then fixed, frozen, cryosectioned, 

and stained for the protein E-cadherin followed by imaging of the results.  E-cadherin is 

an ECM protein that, in normal cells, is largely involved in cell-to-cell adhesion and is 

commonly a tumor suppressor (Petrova et al., 2016).  In cancer cells, E-cadherin has been 

commonly associated with the epithelial-mesenchymal transition when it is 

downregulated, which causes a decrease in cell-to-cell adhesion that can lead to an 

increased rate of metastasis, as cells are more able to break off from the primary tumor 

(Petrova et al., 2016).  The images of the results for the E-cadherin staining of SKOV-3 

control shRNA spheroids and SKOV-3 septin-2 shRNA spheroids can be seen in Figure 

9.  Based on the results, it can be seen that the E-cadherin protein is present in both the 

control shRNA and septin-2 shRNA SKOV-3 spheroids, and in seemingly similar 

amounts.  It does not appear that there has been a decrease in the expression of E-

cadherin in either cell line.   
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 There is, however, a difference in the morphology of the spheroids.  The control 

shRNA and septin-2 shRNA cells were grown into spheroids following the same 

protocol, and started with the same number of cells, so it was expected that the two lines 

should grow similar looking spheroids.  However, it appeared that the size and shape of 

the SKOV-3 cells transfected with control shRNA are much rounder and larger than the 

spheroids grown from SKOV-3 cells transfected with septin-2 shRNA.  The increased 

size and spherical shape of the SKOV-3 cells where septin-2 expression was not affected 

suggests that these cells were able to grow more complete spheroids than the SKOV-3 

cells where septin-2 expression was decreased.  The results suggest that the high 

expression of the septin-2 protein assists in tumor formation, since when septin-2 

expression is decreased, the cells are not as capable of growing.  It may also mean that 

the SKOV-3 cells with septin-2 shRNA are having more cells break off from the tumor, 

which could mean an increase in metastasis.  Cells are believed to break off from 

spheroids when E-cadherin is downregulated, but it is unclear whether or not that leads to 

increased or decreased proliferation, as literature reports both happening in previous 

studies (Schmidt, Scholz, Polednik, & Roller, 2016).  Further studies of spheroids and 

how they grow are required since past literature is controversial over what the difference 

in growth of spheroid means.  As well, there is no indication that E-cadherin is 

downregulated in either spheroid as compared to each other, so comparing to literature in 

the past where this is noted may not be representative of what is happening here.  

Then, based on these results, by inhibiting or decreasing the expression of septin-

2 protein in cancer cells, the rate of tumor formation and growth may be seen.  Since 

tumor formation was limited when septin-2 was knocked down in the SKOV-3 cells, it 



 Sclafani 37 

may be possible to limit tumor formation in human patients by decreasing the expression 

and/or activity of septin-2 protein with a targeted drug.  It is promising that septin-2 may 

be a viable target for serous carcinomas.   

It is unclear whether or not this will apply to clear cell carcinomas as well.  This 

experiment has not yet been completed with the ES-2 cell line, but it will be performed in 

the future.  The results from that experiment will provide insight into how well tumors 

are able to form when septin-2 protein expression is the same and is decreased.  If the 

results in the ES-2 cell line mimic what was seen in the SKOV-3 cell line, then clear cell 

carcinomas may also be able to be targeted by decreasing the expression or activity of the 

septin-2 protein in those cancer patients.  However, in the WNT1 staining experiments it 

has already been seen that the ES-2 and SKOV-3 cell lines react differently to decreased 

septin-2 expression.  

Since the cell lines react differently to septin-2 expression, it is important to keep 

performing all future experiments with both SKOV-3 and ES-2 cells.  In the future, more 

spheroids will be grown and detected for expression and distribution of different ECM 

proteins, as other proteins may be affected.  Fibronectin and collagens I, III, and IV have 

been recently found to be increased in tumor microenvironments and have led to an 

increase in cancer cell stem-like character (Nallanthighal, Heiserman, & Cheon, 2019; 

Walker, Mojares, & del Río Hernández, 2018).  Cell proliferation assays will be 

performed with SKOV-3 and ES-2 cell lines that are transfected with control shRNA and 

septin-2 shRNA to help determine whether the protein expression level affects their 

growth rates.  In the future, in vivo models may also be used with these cell lines to 

determine rates of tumor growth and metastasis in a living organism.   
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V. CONCLUSION  
 
 In conclusion, based on this study, the expression level of septin-2 in serous and 

clear cell carcinomas may affect the tumorigenic properties of those cancer cells.  It was 

seen to cause a change in WNT1 protein localization, however, only in the SKOV-3 cells, 

which are serous carcinoma cells.  This suggests that the serous carcinomas may be more 

sensitive to septin-2 protein expression than clear cell carcinomas.  Spheroid growth has 

currently only been analyzed in SKOV-3, or serous carcinoma cells, but results show a 

significant decrease in the cells capacity to form spheroids, similar to tumor growth, 

when septin-2 expression is decreased.  There are many other ways to study tumorigenic 

properties of cancer, and further research needs to be completed before it could 

definitively be said that septin-2 could be a target for epithelial ovarian cancer.  However, 

the results here show promise. 
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