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3.2.2 Epithelial Mesenchymal Transition Status and Cancer Stem  
Cell Makeup in Snail Knockdown Model 

The relative level of N-cadherin mRNA expression did not decrease in 
shSnail as expected; instead the expression increased (Figure 13a). shSnail did 
however decrease E-cadherin expression. The pathways leading to the mRNA 
expression of these two cadherins may not behave in cancerous cells as they do 
in normal cells. On a protein level, as percent of the total intact cell population, 
only very minor changes were detected in the shSnail OVCAR8 as compared to 
shControl. E-cadherin activity change was very low, 1.1x shControl. N-cadherin 
positive cells decreased only slightly to 0.98x shControl. N-cadherin/E-cadherin 
double positive cell populations did slightly increase with shSnail by 1.08x 
shControl (Figure 13b). 

 
 

  Figure 13. Epithelial mesenchymal transition markers in Snail knockdown model. 
a) qPCR for Snail, N-cadherin, and E-cadherin expression in shSnail EOC. b) 
Flow cytometry percent positive cells for E-cadherin, N-cadherin, and E-and N-
cadherin double positive cells in shSnail EOC. 
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In OVCAR8 shSnail pluripotency mRNA markers Lin28, Nanog, and Oct4 

all decreased (Figure 14a). CD133 positive cell population was extremely low in 
both shControl and shSnail, dramatically lower than the levels found in parental 
OVCAR8. The population of CD133 positive cells went from about 11% in the 
parental OVCAR8 (Figure 9c) to almost 0% in the virally treated cells 
(Figure14b). Cancer stem cell marker CD44 positive population was decreased 
by over half in OVCAR8 shSnail (Figure 14c). Percentage of CD117 positive cell 
populations increased in OVCAR8 shSnail (Figure 14b). There were no triple 
positive CSC populations of cells detected in the shSnail model due to the loss of 
CD133. 
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  Figure 14. Cancer stem cell markers in Snail knockdown model. a) qPCR for 
Lin28, Nanog, and Oct4 expression in shSnail EOC. b) Flow cytometry CD133 
activity in the virally transduced lines compared to the parental line. c) Flow 
cytometry percent positive cells for CD44, and CD117 in shSnail EOC 
normalized to shControl.  
 
 
3.2.3 Metastatic Potential in Snail Knockdown Model 

In OVCAR8, shSnail did not have a significant change in wound healing 
ability as compared to shControl. All virally treated cell lines were less able to 
colonize in anchorage independent growth compared to non virally treated cells. 
None of the virally treated pairs showed a significant difference in growth 
between the shControl and shSnail. 
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 Figure 15. Metastatic potential assays of Snail knockdown epithelial ovarian 
cancer. a) Scratch assay percentage wound healing over time. b) Soft agar 
assay colonies formed by a variety of shSnail EOC cells. 
 
 
3.2.4 Orthotopic Xenograft of Snail Knockdown OVCAR8 

Snail knockdown showed a trend of a decrease in primary and metastatic 
tumor burden when compared to control in weight of tumor at harvest time 
(Figure 16a). Live imaging of the mice allowed the analysis of tumor growth in the 
live mice (Figure 16b). The analysis of the weekly mouse images did not show a 
difference in the primary growth of tumors with shSnail. This analysis did show a 
decrease in metastatic growth with a significant decrease in growth at day 43. 
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 Figure 16. Xenograft model of Snail knockdown epithelial ovarian cancer. a) 
Representative IVIS images of shControl and shSnail tumors in mice. b) Weight 
of primary and metastatic tumors upon harvest. c) Fold increase from day 1 for 
primary ovarian tumor based on flux in IVIS images. d) Average flux of metastatic 
tumors in xenograft model.  
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CHAPTER FOUR 
DISCUSSION 

Epithelial Mesenchymal Transition and Cancer Stem Cells in  
Epithelial Ovarian Cancer 

During a normal EMT event a cadherin switch from N-cadherin to E-
cadherin occurs. E-cadherin transcription is down regulated and the competition 
between E- and N-cadherin for p120-catenin will increase N-cadherin activity and 
cause the endocytosis and degradation of E-cadherin25. Based on the high 
presence of N-cadherin/E-cadherin double positive cells in the EOC cell lines 
(Figure 8b) there could be changes in signaling leading to E-cadherin 
degradation with EMT events in cancer. Misregulation of the balance between 
p120 complexes at apical and basolateral cell-cell contact areas26 could 
contribute to a faulty cadherin switch. The hybrid epithelial/mesenchymal state 
represents aberrant EMT and has been observed in cancer27. This would explain 
why the cell lines in this experiment showed a continuum of epithelial to 
mesenchymal behavior rather than remaining on one end of the spectrum or the 
other.  

EOC lines have been evaluated as to their genomic similarity to patient 
samples28, growth characteristics, xenograft-forming ability29, genomic 
alterations, expression of markers, drug resistance, and in vitro behavior30. A few 
cell lines (OVSAHO, Kuramochi, COV318, OVCAR8) stood out as good 
examples of EOC based on previously published data28-30, therefore SKOV3 and 
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A2780 lines were eliminated from use after the initial characterization was 
complete. Kuramochi and OVSAHO stood out as the most epithelial lines when 
all data was combined and COV318 stood out as most mesenchymal. Notably, 
OVSAHO and Kuramochi were previously shown to poorly form xenografts30. 
OVCAR8 was shown to reliably and quickly form xenografts and ascites29. All 
three of these lines also contained CSCs at detectable but variable levels. 
OVCAR8 stood out as having a more hybrid phenotype between epithelial and 
mesenchymal states, a low to moderate level of CSCs, and high activity in 
metastatic potential assays; therefore, this line was chosen for the Snail 
knockdown model. Snail was detectable at levels above that in the mesenchymal 
fibroblasts used for normalization in all lines. Let-7 expression was observed to 
be lower than fibroblasts for most of the family members assessed. Notably, lines 
with lowest let-7 expression were observed to express higher levels of Lin28. 
This is consistent with decreased let-7 as a marker for CSC, but we have not 
tested whether the decreased let-7 levels are cause or effect of Lin28 
expression. 

EOC cell populations positive for CD44, CD117, and CD133 were 
classified as true cancer stem cells. Functional tests to prove this assertion will 
be done in the future. Cells positive for each of these markers individually have 
been classified as CSCs in other publications13,21,31 however individually or in 
certain pairings these markers can be detected in progenitor cancer cells and not 
only in CSC13. We show that these triple positive cancer stem cells are the same 
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cells which are double positive for E-cadherin and N-cadherin. Therefore, the 
process that causes a cell to become a CSC may be the pathway both turning N-
cadherin activity on and causing a loss of E-cadherin degradation that normally 
takes place in an EMT event. Identifying this CSC EMT positive subset of cells 
may be an important diagnostic and prognostic tool in the clinic. The ability to 
identify this subset could also be helpful in identifying best possible treatment 
plans for patients. 

 
Epithelial Mesenchymal Transition and Cancer Stem Cells in  

Snail Knockdown Model of Epithelial Ovarian Cancer 
In the shSnail model on a mRNA level the N-cadherin expression did not 

decrease, and the E-cadherin expression did not increase as expected. Instead 
the N-cadherin expression increased and the E-cadherin expression decreased 
(Figure 13a). On a protein level the percentage of cells positive for N-cadherin 
did decrease very slightly and the percentage of E-cadherin positive cells did 
slightly increase (Figure 13b). shSnail did decrease pluripotency mRNA 
expression for Lin28, Nanog, and Oct4. shSnail did not show a consistent loss of 
CSC surface markers; the CD44 positive population decreased as the CD117 
population increased compared with shControl. CD133 activity decreased to 
almost nothing in both the virally delivered shControl and shSnail. Therefore, 
there were no triple positive CSC populations in the viral shRNA model. Taken 
together, we conclude that CD133, which has no published known function, may 
be involved in or is sensitive to the viral response of the cell in some way.  
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In the metastatic potential for the viral shRNA cell lines we did not 
determine there to be a difference in the metastatic potential between the 
shControl and the shSnail. In the scratch assay if there was a difference in the 
motility between shControl and shSnail we may not have been able to determine 
a difference due to differing proliferation rates of the cells lines. In both the cell 
line and viral shRNA line characterizations the motility in the scratch assay may 
have in part been due to the proliferation of the cells; for this reason, in the future 
we can inhibit the proliferation of cells with the use of mitomycin c treatment 
during the scratch assay. 

In a xenograft model shSnail shows a trend of decreasing tumor burden 
for both primary and metastatic tumor burden as measured by weight of tumor 
burden at final harvest. A statistically significant difference was seen in the 
growth of the metastatic tumors by in vivo imaging analysis of live mice with 
metastatic growth in shSnail at day 43, as compared to shControl.  Although 
Snail knockdown did not show all the anticipated responses in vitro Snail may still 
be a viable target in decreasing metastasis in cancer. 

In the future we plan to use a different model to inhibit Snail activity in 
ovarian cancer, small inhibitory RNA (siRNA). In this study it became clear that 
the viral treatment of the ovarian cancer cells had some effect on the CSC and 
EMT makeup of the cell populations when comparing Figures 8 and 9 to raw 
population numbers in the sh model. The findings of the sh model are still valid 
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as the shSnail is compared to a shControl that was treated with the same viral 
treatment. This viral response would be avoided with the use of a siRNA. 
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