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ABSTRACT 

Hormone refractory metastatic prostate cancer (PCa) cannot be cured. The 

aim of treatment at this stage is to prolong life, improve symptoms, and slow disease 

progression. Docetaxel is the standard therapy for hormone refractory metastatic PCa.  

Docetaxel alone or in combination with other agents improves survival, however 

inevitably PCa becomes chemoresistant.  Initial discoveries regarding chemoresistance 

were performed under in vitro conditions, and accordingly fail to take into account 

environmental factors such as cell-cell or cell-extracellular matrix (ECM) interactions.  

Unpublished preliminary data from the Cooper laboratory demonstrated that Akt is 

activated in PCa cell adhering to the ECM component collagen type I.  When adhered 

to collagen type I, the viability of PCa cells is increased in the presence of docetaxel 

compared to control and fibronectin.  In addition to Akt, the Rho family of GTPases is 

also frequently upregulated in human cancers.  Results published by Ruth and Xu 

suggest that RhoC promotes invasion in part through the PI3K/Akt pathway.  We 

hypothesize that the in vitro adhesion of PC-3 cells to collagen type I mediates the 

activation of Akt via RhoC.  To accomplish this we sought to demonstrate that 1) 

adhesion of PC-3 cells to collagen type I upregulates Akt in PC-3 cells, 2) the use of a 

RhoC inhibitor, C3 transferase, will decrease the Akt activation in PC-3 cells adhering 

to collagen type I, and 3) to determine if Akt activation is required to stimulate RhoC 

GTPase in PC-3 cells adhering to collagen type I.  We confirmed our first aim by 

demonstrating that Akt expression was about 3 times greater in the collagen type I 

sample than was Akt expression in the fibronectin or uncoated plates samples.  We 

also saw greater P-Akt expression in response to collagen type I as opposed to growth 
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on fibronectin.  Contrary to our hypothesis, the experiments for specific aim 2 

demonstrated that RhoC has an inhibitory effect on ECM stimulated Akt expression 

and activation.  Total Akt levels in C3- collagen type I sample were 75% of the Akt 

expression in C3+ collagen sample.  The C3- fibronectin sample was less than half that 

of its C3+ counterpart.  P-Akt expression for both C3- collagen type I and fibronectin 

samples were 76% that of the expression for the C3+ samples.  Future directions for 

this work include redesigning specific aim 3 and repeating all experiments to enable 

statistical analysis. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background  

An estimated 192,280 cases of prostate adenocarcinoma (or prostate 

cancer) were diagnosed in American men in 2009; 27,360 of these men died due to 

their struggle with the disease (Jemal, Siegel et al. 2009).  The high mortality of the 

disease is associated with the hormone refractory, chemoresistant stage of the disease.  

Hormone refractory metastatic prostate cancer (PCa) cannot be cured.  The aim of 

treatment once PCa has progressed to a hormone refractory metastatic state is to 

improve symptoms and slow disease progression. Docetaxel, a member of a class of 

drugs known as taxanes, is the standard chemotherapy treatment for hormone 

refractory metastatic PCa. Taxanes are a semi-synthetic analog of paclitaxol, which 

comes from an extract of a rare Yew tree, Taxus brevifolia, indigenous to the Pacific 

Northwest.  Although docetaxel alone or in combination with other agents, like 

thalidomide (Dahut, Gulley et al. 2004), improves survival, inevitably PCa progresses 

to chemoresistance; a major reason why patients die from cancer.   

The development of prostate adenocarcinoma, as well as other cancers, 

results from the accumulation of mutations in either oncogenes or tumor suppressor 

genes that give the cell a survival advantage (Loberg, Bradley et al. 2007).  Early 

diagnosis and treatment of PCa is key for survival (Thompson, Goodman et al. 2003).  

Once a patient is diagnosed with metastatic prostate cancer, the first course of 

treatment is hormone withdrawal therapy.  This line of treatment is successful in 

alleviating the symptoms of 80% of patients (Bubendorf, Schopfer et al. 2000); 
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(Takeda, Mizokami et al. 2007).  Unfortunately, patients develop hormone insensitive 

PCa within 2 years and the treating oncologist must move to more aggressive 

treatment options such as chemotherapeutics (Bubendorf, Schopfer et al. 2000).   

The benefits of chemotherapy will also eventually diminish as the disease 

becomes terminal.  In addition to insensitivity to chemotherapeutics, the terminal stage 

of prostate cancer is associated with metastatic bone lesions.  Animal model studies by 

Achbarou et al. found metastases to the rib, scapula and femora (Achbarou, Kaiser et 

al. 1994).  At this point, treatment is palliative and targeted at improving quality of 

life.  These patients often die within a year or two after developing chemoresistance.  

Chemoresistant tumors are not specific to bone metastatic PCa, as they 

develop in other cancers including small-cell lung, multiple myeloma, colorectal, and 

breast. Initial in vitro studies of chemoresistance failed to take into account factors 

associated with the environment in which the tumors reside (the microenvironment) 

such as cell-to-cell or cell-to-extracellular matrix interactions (Damiano, Cress et al. 

1999).  Extracellular matrix (ECM) is the intracellular component of tissue and is an 

important factor of the microenvironment.  ECM has many functions one of which is 

to provide a structural foundation upon which cells can amass to form tissue.  ECM 

varies among different tissue types and is associated with providing growth 

advantages to the cells that they support.  There is now considerable evidence that the 

bone microenvironment contribute to both the advancement and chemoresistance of 

prostate cancer (Kiefer and Farach-Carson 2001). 

Within the past ten years, studies of cancer cells and the extracellular 

matrix proteins upon which they adhere have been used to study resistance to 
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chemotherapeutics. In one such adhesion assay, the human myeloma cell line 8226 has 

been shown to adhere to the ECM component fibronectin, mediated by the α4β1 and 

α5β1 integrins (molecules that allow cells to interact with ECM proteins and other 

cells).  These integrin-ECM interactions conferred resistance to the chemotherapeutics 

doxorubicin and melphalan (Damiano, Cress et al. 1999). Studies in small-cell lung 

cancer (SCLC) demonstrated that adhesion to the basement ECM proteins fibronectin, 

laminin, and collagen IV, conferred resistance to etoposide, cis-platinum, and 

adriamycin. These studies indicated that the β1 integrin enhanced tumorigenicity and 

chemoresistance (Rintoul and Sethi 2002). Hatmann et al. added to the study of SCLC 

chemoresistance, when they identified the integrin subunits α2, α4, and α5 as also 

mediating drug resistance on fibronectin and collagen matrices (Hartmann, Burger et 

al. 2005).  

 Adhesion studies in prostate cancer cell lines have also demonstrated that 

chemoresistance can result from ECM-integrin interactions.  Inhibitory studies by 

Kiefer and Farach-Carson demonstrated the role of PI3 kinase in proliferation of PC-3 

cells, a prostate cancer cell line, in response to adhesion to collagen type I (Kiefer and 

Farach-Carson 2001).  In a study employing both flow cytometry and 

immunoprecipitation, Kostenuik and Singh demonstrated that integrin α2β1 was 

responsible for the majority of collagen induced signaling by PC-3 cells (Kostenuik, 

Singh et al. 1997).  In this study, they pretreated PC-3 cells with a growth factor, 

transforming growth factor-beta1 (TFG-β1), for two hours and found a 2 fold increase 

in de novo synthesis of α2 and β1 integrin subunits and a 2 to 3 fold increase in cell 

adhesion of PC-3 cells.  In a follow up experiment, antibodies directed against the two 

integrin subunits subsequently reduced collagen adhesion by 90% and 53% 
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respectively.  From these findings, it can be concluded that cell-ECM interactions 

allow cancer cells to evade the cytotoxic effects of chemotherapeutics, thus conferring 

chemoresistance to advanced cancers.  However, the mechanism connecting collagen 

type I and the PI3 Kinase pathway to the acquired chemoresistance is not fully 

understood.  

Unpublished preliminary data from the Cooper laboratory demonstrated 

that Akt, an effector molecule of the PI3 kinase pathway, is activated in PCa cells 

adhering to collagen type I.  When adhered to collagen type I, the viability of PC-3 

cells is increased in the presence of docetaxel compared to the control and to 

fibronectin. In addition, caspase activation (indicative of apoptosis) is reduced in PC-3 

cells adhering to collagen type I in the presence of docetaxel.  In 2002, Cooper 

reported that the activation of focal adhesion kinase (FAK) via integrin ligation 

stimulates Akt and proposed this as a mechanism for cell adhesion mediated 

chemoresistance (Cooper, Chay et al. 2002).  Continued research of PI3 kinase, Akt 

and other pathways related to focal adhesion can provide additional understanding of 

the progression to chemoresistance.  

1.2  The PI3 Kinase Pathway, AKT, FAK and Rho C  

Phosophatidylinositol-3 kinase and Akt (also referred to as PKB) are 

frequently upregulated in human cancers (Testa and Bellacosa 2001; Ruth, Xu et al. 

2006).  The activation of Akt in particular has been shown to play a significant role in 

tumor progression resulting in increased metastatic and invasive abilities of prostate 

cancer.  These properties may be due to up regulation of Akt.  This upregulation could 

be a result of Akt amplification or a decrease of phosphatase and tension homolog 
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(PTEN), a negative regulator of the PI3 kinase pathway (Ruth, Xu et al. 2006).  PTEN 

can down regulate the activity of all three isoforms of Akt by phosphorylation of two 

of its regulatory sites (Testa and Bellacosa 2001; Ruth, Xu et al. 2006).   

In addition to Akt, the Rho family of GTPases is also frequently 

upregulated in human cancers.  Members of the Rho family GTPases are well known 

for their regulation of actin cytoskeletal structures and influence on the progression of 

the cell cycle (Croft and Olson 2006).  Rho GTPases induce cytoskeletal changes via 

many downstream effectors, one of which is Rho kinase (ROCK).  ROCK 

subsequently phosphorylates a number of other kinases resulting in regulation of 

myosin light chain, the stabilization of filamentous actin, myosin ATPase activity.  

Regulating these events allows Rho GTPases to control contraction of actin-myosin 

bundles (also referred to as stress fibers) and integrin containing focal adhesion (Croft 

and Olson 2006).  Rho-associated kinases have been shown to induce an increase in 

integrin-based focal adhesion in many cell types and play a vital role in podosome 

formation in both dendritic and endothelial cells (Wheeler and Ridley 2004).  These 

characteristics of Rho Family GTPases suggest that Rho GTPases plays a vital role in 

cell motility and thus cancer progression and metastasis.   

Three members of the Rho family involved in cancer progression are 

RhoA, RhoB and RhoC.  All isoforms are 85% identical; however each seems to 

interact with different regulators and effector molecules leading to different biological 

reactions (Ruth, Xu et al. 2006).  RhoC is located at the plasma membrane and is 

believed to be key in regulating cellular polarity, shape, and trafficking via control of 

actin polymerization, actomyosin contractions, microtubular organization and cellular 

adhesion (Wheeler and Ridley 2004).  Results published by Ruth and Xu suggest that 
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RhoC promotes invasion through the PI3K/Akt pathway (Ruth, Xu et al. 2006).  

Invasion was partially inhibited by the use of PI3K and Akt inhibitors in contrast to 

having no effect on control cells.  In subsequent experiments, treatment with Akt and 

ROCK inhibitors together decreased the efficiency of cell invasion more than 

treatment with either inhibitor individually (Ruth, Xu et al. 2006).  These results 

suggest that RhoC promotes invasion in part through PI3K/Akt pathway and ROCK 

signals, either separately or through an interaction between the two pathways.   
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CHAPTER 2 

HYPOTHESIS 

Upon analysis of the literature available as well as preliminary data 

obtained from the laboratories of Dr. Cooper and Dr. van Golen, I hypothesize that the 

in vitro adhesion of the PCa cell line PC3 to collagen type I mediates the activation of 

Akt  via RhoC.  This hypothesis will be tested experimentally through the following 

specific aims: 

1. Demonstrate that adhesion of PC-3 cells to Collagen Type I upregulates Akt in 

PC-3 cells. 

2. Demonstrate the use of a RhoC inhibitor, C3 transferase, will decrease the Akt 

activation in PC-3 cells adhering to Collagen I. 

3. Determine if Akt activation is required to stimulate RhoC GTPase in PC-3 

cells adhering to collagen type I. 
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CHAPTER 3 

RATIONALE 

Little is known about the mechanism behind the chemoresistance of bone 

metastatic prostate cancer. Preliminary data from the Cooper lab indicates that 

collagen type I induces Akt expression in prostate cancer cells which subsequently 

activates cellular proliferation and survival pathways.  Because of these survival 

pathways treatment options for the late stages of prostate cancer are targeted at making 

the remainder of the patient’s life as pain free as possible since there is no curative 

option at this point.  Assuming that the abundance of collagen type I in the bone 

microenvironment is responsible for the resistance to treatment at the late stages of the 

disease, a greater understanding of the interaction between collagen type I and prostate 

cancer cells could be the key to unlocking new treatments options. 

Recent research suggests RhoC also plays a role in the progression of this 

disease and that it may be involved in Akt activation.  RhoC is believed to be pivotal 

in regulating cellular polarity, shape, and trafficking which are all relevant to 

metastatic invasive cancer. Results published by Ruth and Xu (2006) suggest that 

RhoC promotes invasion through or in connection to the PI3K/Akt pathway.  

Treatment with Akt and Rho Kinase inhibitors together significantly decreased the 

efficiency of cell invasion in comparison to treatment with the inhibitors separately 

(Ruth and Xu et al. 2006).   

Using the Ruth and Xu experiments as a literal and metaphorical example, 

understanding the individual contributions of Akt and RhoC can be enlightening but 

an understanding of the interaction between these molecules and their respective 
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pathways would have a significantly greater impact.  No  effector molecule tells the 

whole story when it comes to metastatic, invasive prostate cancer and a clearer 

understanding of the interactions between important pathways is what will ultimately 

lead to more effective treatment strategies.  It is my intention that the results from this 

thesis will offer a better understanding of the interrelation of the bone 

microenvironment, Akt and RhoC.  This contribution and the future investigation of 

this system hopefully will provide new insight for more effective treatment options 

and drug development.    
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CHAPTER 4 

MATERIALS AND METHODS 

4.1  Collagen I and Fibronectin Plates  

Plates were coated with collagen type I and fibronectin according to the 

manufacturer manual (BD Bioscience, Bedford, MA).  35-mm dishes were coated 

with either 5 µg/cm2 of collagen type I or fibronectin.  Uncoated plates were used as 

the control.  The plates were then incubated at room temperature for 1 hour.  Excess 

ECM solution was removed.  Collagen type I coated plates were washed with cold 

PBS while the fibronectin plates were washed with ddH2O.  ECM plates were stored at 

4oC until experimental use.   

4.2  Cell Culture 

PC-3 prostate cancer cells were cultured using RPMI-1640 media 

(Mediatech, Inc., Manassas, VA) supplemented with 10% fetal bovine serum (Atlanta 

Biologicals, Lawrenceville, GA) and 1% penicillin/streptomycin (Mediatech, Inc., 

Manassas, VA).  Cells were grown at 37°C in 5% CO2.  Cells were fed every 3-4 days 

and split upon confluency.   

4.3  Lysate Preparation 

PC-3 cells were grown to 70-80% confluency before being used for 

experimentation.  400,000 PC-3 cells were plated and treated as described below.  

After treatment and incubation, cells were then washed 3 times with cold phosphate 
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buffered saline (PBS) and lysed with 100 µl of RIPA lysis buffer containing protease 

inhibitors. 

4.3.1  Extracellular Matrix Stimulation Lysate Preparation 

Cells were plated on 35-mm collagen-I coated, 35-mm fibronectin coated 

and 35-mm uncoated plates, respectively.  The cells were allowed to adhere for 3 or 24 

hours.   

4.3.2  C3 Transferase Cell Suspension Proteofection and Lysate Preparation  

The transfection mix was made using a 9:3 ratio of FuGENE Transfection 

reagent (Roche, Branchburg, NJ) to Exoenzyme C3 Transferase (Cytoskeleton, Inc., 

Denver, CO).  400,000 PC-3 were proteofected immediately following trypsinization.  

The treated cells were then incubated for 24 hours in RPMI-1640 media (10% FBS, 

1% pen/strep) and plated on 35-mm collagen-I coated, 35-mm fibronectin coated and 

35-mm uncoated plates, respectively.  The cells were allowed to adhere for 3 or 24 

hours.   

4.3.3  Akt Inhibitor II Treatment and Lysate Preparation  

400,000 PC-3 cells were plated on 35-mm collagen type I coated, 

fibronectin coated uncoated plates.  The cells were allowed to adhere for 12 hours at 

37oC.  The cells were then trypsinized and transferred to uncoated plates, and treated 

with 10 µM of a pharmacological Akt inhibitor (Akt Inhibitor II from Calbiochem, 

Gibbstown, NJ) directly applied to the cells and incubated for 12 hours at 37 oC in 5% 

CO2.  The reverse preparation was also performed.  400,000 PC-3 cells were plated on 
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35-mm uncoated plates and treated with 10 µM Akt Inhibitor II, then incubated for 12 

hours at 37 oC.  The cells were then trypsinized and transferred to either 35-mm 

collagen-I coated, fibronectin coated or uncoated plates and incubated for 12 hours at 

37 oC in 5% CO2.    

4.4  Western Blot Analysis 

Protein lysates were harvested using radioimmunoprecipitation assay 

(RIPA) buffer (1X PBS, 50mM Tris-HCl pH 7.4, 150mM NaCl, 2mM EDTA, 1% NP-

40, 0.1% SDS, and 5 µl/ml protease inhibitor cocktail (Calbiochem, Gibbstown, NJ) 

and/or phosphatase inhibitor (Thermo Scientific, Waltham, MA, USA).  Protein 

concentration was evaluated using a BCA Protein Assay kit (Pierce Scientific, 

Rockford, IL) at an absorbance wavelength of 562 nm.  Aliquots of 30 µg were mixed 

with Laemelli buffer, heat denatured for 3 minutes in boiling water, separated by SDS-

PAGE on Criterion pre-cast 4-20% Tris-HCl gels (BioRad, Hercules, CA) for 90 

minutes at 125V, and transferred to nitrocellulose at 110V for one hour.  Immobilized 

proteins in lysates from 4.3.1 and 4.3.2 were probed using a rabbit monoclonal anti-

total Akt antibody, and stripped and reprobed with rabbit monoclonal anti-phospho-

Akt antibody (Cell Signaling Technologies, Beverly, Mass).  4.3.3 Lysates were 

exposed to an in house anti-RhoC monoclonal antibody produced in chicken.  In all 

cases, β-actin was used as a loading control.  Protein bands were visualized with the 

use of ECL (Millipore, Co., Billerica, MA). 
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CHAPTER 5 

RESULTS 

5.1  Adhesion of PC‐3 cells to Collagen Type I Upregulates Akt in PC‐3 Cells 

PC-3 cells were grown to confluency then plated on coated or uncoated 

ECM plates.  After 3 hours in serum media, cells were lysed and the lysates were used 

to perform Western blot analysis.  The same experiment was performed using a 24 

hour incubation period. β-Actin was used as a loading control to ensure equal 

quantities of protein were loaded in each well.  

For the 3 hour time course, there is strong total Akt expression in all 

samples with no noteworthy visible difference between the samples (figure 1a).  

However there was a difference in P-Akt activation (based on the ratio of P-Akt to 

total Akt).  The greatest Akt activation was in response to growth on uncoated plates 

with the 2nd greatest expression on collagen type I plates.  Weak Akt activation was 

displayed in the fibronectin stimulated cells (Figure 1b). 

In the 24 hour experiment, there appears to be greater total Akt expression 

in the sample grown on Collagen I and no Akt present in the uncoated plate lysate 

(figure 1a).  This is most likely the result of unequal loading given that the β-Actin 

loading control shows there was more protein in the collagen type I sample, less in the 

fibronectin and virtually no protein loaded from the plastic sample (figure 1c).  
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Figure 1   Akt Expression in PC‐3 cell line.  Cells were plated on collagen type I (C), 

fibronectin (F) and Plastic (P) plates.  A) Western blotting of Akt and P‐Akt 

expression.  β‐actin was used as the loading control.  B) Densitometry of 3 

hour experiment.  Data displayed as a ratio of P‐Akt intensity to Total Akt 

intensity.  C) Densitometry of 24 hour experiment.  Data displayed as a ratio 

of P‐Akt intensity to Total Akt intensity. 

5.2   Use of a RhoC inhibitor, C3 transferase, Increases the Akt activation in PC‐3 cells 

adhering to Collagen I 

Cells were grown to confluency then proteofected in suspension.  The 

cells were incubated for 24 hours at 37oC then re-plated on ECM coated plates for 

either 3 or 24 hours.  The cells were then lysed and subjected to Western blot analysis.  

β-Actin was used as a loading control to ensure equal quantities of protein were loaded 

in each well.  For the 3 hour experiment, total Akt levels appear to vary depending on 

the ECM substrate as well as the presence or absence of C3 tranferase (figure 2a).  
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Figure 2  Akt Expression in PC‐3 cells.  Cells were treated with C3 Transferase using 

FuGENE HD reagent and allowed to incubate at 37C for 24h.  Cells were re‐

plated on collagen I (C), fibronectin (F) and plastic (P) for 3 hours. A) 

Western blotting of Akt and P‐Akt expression.  β‐actin was used as the 

loading control.  B) Densitometry data displayed as a ratio of Akt intensity to 

intensity β‐actin.  C) Densitometry data displayed as a ratio of P‐Akt 

intensity to β‐actin intensity. D) Densitometry data displayed as a ratio of P‐

Akt intensity to Total Akt intensity. 

 Overall, total Akt levels are highest in samples grown on collagen type I followed by 

fibronectin and the least in cells grown on plastic (figure 2a and 2b).  The total Akt 

expression is also higher in the samples that were treated with C3 transferase.  As 

displayed in figure 2b, total Akt is higher in the collagen type I sample than it is in the 

fibronectin sample.   The total Akt: Β-actin ratio for the plastic C3- sample in figure 
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2b as well as the ratios for both plastic samples in 2c was not able to be plotted 

because no β-Actin band was present. 

 

Figure 3  Akt Expression in PC‐3 Cells.  Cells were treated with C3 Transferase using 

FuGENE HD reagent and allowed to incubate at 37C for 24h.  Cells were re‐

plated on collagen I (C), fibronectin (F) and plastic (P) for 24 hours. A) 

Western blotting of Akt and P‐Akt expression.  β‐actin was used as the 

loading control.  B) Densitometry data displayed as a ratio of Akt intensity to 

intensity β‐actin.  C) Densitometry data displayed as a ratio of P‐Akt 

intensity to β‐actin intensity. D) Densitometry data displayed as a ratio of P‐

Akt intensity to Total Akt intensity.   

P-Akt levels in the 3 hour experiment were low in all samples and not present in the 

samples grown on uncoated plates (figure 2a).  P-Akt expression, in relation to β-



17 

Actin expression, was highest when the samples were treated with C3 transferase as 

opposed to the untreated cells for both collagen type I and for fibronectin.  There was 

no detectable P-Akt in samples grown on plastic for either the C3 treated or untreated 

samples (figure 2c).   

The results from the 24 hour experiment show no particular pattern (figure 

3).  When comparing Total Akt to the β-actin control in the C3 treated samples, the 

samples grown on uncoated plates had the greatest Akt expression followed by the 

collagen type I sample.  This same ranking is also present in the C3 treated samples 

when comparing P-Akt to the β-actin control (figure 3b and 3c).  However this pattern 

is not seen for the C3- samples in figure 3b nor 3c.  There is also no clear pattern when 

comparing P-Akt to total Akt (figure 3d). 

5.3  Determine if Akt activation is required to stimulate RhoC GTPase in PC‐3 cells 

adhering to collagen type I. 

 PC-3 cells were grown to confluency then treated with Akt Inhibitor II 

additional 12 hours.  The reverse experiment was also performed.  for 12 hours at 

37oC.  The cells were then re-plated on ECM coated plates for an additional 12 hours 

at 37oC.  No data was produced by this experiment.  More than likely there was a 

problem with either the primary or secondary antibody.  Several attempts were made 

to troubleshoot this issue however I was ultimately unable to find a solution.  The best 

blotting that was obtained is displayed in figure 3.    
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Figure 3  RhoC expression in PC‐3 cells.  Cells treated with either treated with Akt 

Inhibitor II for 12 then incubated on ECM plates for 12 hours or ECM plated 

then treated with the Akt inhibitor.   
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CHAPTER 6 

DISCUSSION 

The aim of this study was to demonstrate that adhesion to ECM 

components of the bone microenvironment effect prostate cancer survival.  We first 

sought to demonstrate that elements from the bone microenvironment, namely 

collagen type I, have a positive effect on cellular proliferation and survival pathways 

through Akt activation.  Data produced by other investigators, including members 

from the Cooper lab, demonstrated that Akt is activated through focal adhesion kinase 

in PCa cells in response to collagen type I (Pruitt, 2008). 

In 2001 it was shown that cells plated on collagen type I exhibit increased 

proliferation over cells plated on fibronectin or uncoated plastic plates. These studies 

also demonstrated through inhibitor studies that this increased proliferation was due in 

part through the PI3K pathway (Kiefer and Farach-Carson 2001).  Work done by 

Freddie Pruitt M.S. demonstrated increased activation of Akt in PC-3 cells adhering to 

collagen type I in the presence of the PI3K pathway inhibitor, LY294002.  PC-3 cells 

were treated for three hours with the inhibitor and then plated on ECM plates for 18 

hours.  At the end of the experiment there was significant Akt activation in the cells 

grown on collagen type I as opposed to Akt activation in cells grown on fibronectin or 

uncoated plates (Pruitt, 2008).   

It’s likely that my results differ from the works cited because of 

differences in our experimental designs.  For example, Pruitt prepared his ECM plates 

with longer incubation periods as well as UV cross-linking his collagen type I plates 

for 18 to 24 hours.  As a part of his master’s work, he was about to optimize 
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conditions for making his ECM plates.  This optimized procedure was not available to 

me during my work and my plates were made based on the manufactures manual.  

Longer incubation periods as well as UV cross linking of the ECM plates would 

results in better adhesion of the matrix proteins to the culture dishes.  These factors 

allowed for more stable ECM plates and better results over longer time courses.  

Longer periods of cell incubation on the ECM plates in combination with optimal 

plating conditions may account for the differences between my results and those of my 

mentors. 

Our second aim in this investigation was to determine if RhoC influences 

Akt activity.  Our expectation was that ECM stimulated Akt activation was mediated 

by RhoC.  However, our results suggest that RhoC has an inhibitory effect on ECM 

stimulated Akt activation (figure 2).  We did confirm our expectation that overall Akt 

and P-Akt expression would be strongest when cells were grown on collagen type I as 

opposed to fibronectin or uncoated plates (Figure 2b and 2c).  However inhibition of 

RhoC had a stimulatory effect on Akt and P-Akt expression.  Total Akt levels in C3- 

collagen type I sample were 75% of the Akt expression in C3+ collagen sample.  The 

C3- fibronectin sample was less than half that of its C3+ counterpart (figure 2b).  P-

Akt expression for both C3- collagen type I and fibronectin samples were 76% that of 

the expression for the C3+ samples (figure 2c).   

By the 24 hours mark, there was constant Akt and P-Akt expression based 

on band intensity (figure 3a).  The graphical representation of the blots displayed no 

discernable pattern (figure 3b, 3c, 3d).  As described earlier, it may be the case that the 

method used for preparing the ECM plates is not sufficient for data readings at the 24 

hour mark.   
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Our last objective was to determine what effect Akt had on RhoC in PC-3 

cells adhering to collagen type I.  The consensus among the individuals working with 

the RhoC antibodies was that the secondary Ab was no longer viable.  A replacement 

was ordered however the optimization for the new Ab was not completed in time to 

obtain results for this thesis.  The results from aim 2 suggest that RhoC has an effect 

on Akt early in ECM stimulation, within or around 3 hours.  In light of the results 

from specific aim 2, it would be best to redesign specific aim 3.   

Specific aim 3 was originally set up to simulate two situations.  The first 

situation was to eliminate Akt and determine the effect this would have on RhoC 

expression.  The second was to over express Akt and determine what effect that would 

have on RhoC.  Upon further reflection, I found a number of problems with this initial 

experimental design.  First, in this experiment we would be comparing two different 

treatments to each other without an actual control.  It would be better to establish base 

line RhoC expression in PC-3 cells grown on uncoated plates via Western blot 

analysis.  Next, the change in RhoC expression in response to ECM stimulation should 

be determined again using Western blotting.  With base line expression of PC-3 RhoC 

established, we should then investigate the effects of Akt inhibition on RhoC 

expression.   
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CHAPTER 7  

FUTURE WORK AND CONCLUSION 

Although work has been completed for this undergraduate thesis, much 

more work is needed to complete the specific aims of this investigation.  Most notably 

more trials should be run in order to provide more data for statistical analysis.  

Originally each experiment was run three times however due to low volumes of cell 

lysate, the triplicates were combined into a single sample.  Without multiple trials 

none of the data obtained in this study can be considered statistically significant.   

Another consequence of low lysate volume was that there was only 

enough samples to run one gel.  The protein from that one gel had to be used several 

times in order to produce the total Akt, P-Akt and the β-actin loading control blots.  In 

order to probe the same blot multiple times, the primary and secondary antibodies 

used to illuminate the protein bands must be “stripped” from the membrane.  This 

process involves using a solution to remove lightly bound proteins, i.e. the antibodies.  

Consequently, lightly bound sample proteins are removed as well.  The results for P-

Akt in figure 2a and 3a were obtained on the 4th and 6th stripping of the respective 

blots.  I first probed for total Akt and it took 3 rounds of troubleshooting which all 

required stripping the blot and re-probing.  Thus, the extremely faint P-Akt bands in 

figure 2a may have been the result of losing sample to stripping rather than actual low 

P-Akt expression. 

Because both total and P-Akt levels were affected by frequent stripping of 

the blot, displaying the data only in terms of a P-Akt: Total Akt ratio was not the best 

method for quantifying my results for specific aim 2.  This ratio would be comparing 
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two measurements which each varied greatly due to different treatments as well as loss 

of sample due to excessive handling of the blot.  Therefore I wanted to compare each 

reading to a third factor that didn’t vary widely between samples.  The β-actin loading 

control wasn’t affected by the treatment and the loading control bands remained 

relatively constant despite multiple stripping.  Therefore, I decided that in addition to 

the comparison of P-Akt to Total Akt, comparing each measurement to the β-actin 

loading control would provide information on the levels of P-Akt and total Akt 

relative to a protein that was expressed equally throughout each sample. 

The revisions to aim 3 that were suggested in chapter 6 could also be 

expanded upon.  In addition to studying the effects of Akt inhibition on RhoC 

expression, I would also like to investigate the effects of constitutively active Akt on 

RhoC.  To test this, a future student could construct an expression vector which would 

conditionally or permanently express Akt.  Whereas my initial method used ECM 

stimulation to sustain Akt expression, this experimental design would remove the 

effect of ECM directly on RhoC and allow us to investigate one variable at a time.  In 

addition, RhoC activation assays could be performed in addition to performing 

Western blotting which only speaks to RhoC expression.  

Another consideration to use in future work is to redesign the way in 

which cells were incubated and plated.  For all experiments, cells prepared for re-

plating using trypsin.  Trypsin is a serine protease which is used in the digestive 

system of vertebrate to hydrolyse proteins.  In cell culture trypsin is used to remove 

cells from the culture plates by hydrolyzing the integrins which attached the cells to 

the plates.   
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During my experiments I discovered that it was difficult to re-plate cells 

on ECM plates after they had been trypsinized (data not shown).  It may be the case 

that my low protein yields resulted from the fact that cells were not given adequate 

time to regenerate the integrins that were damaged during trypsinization.  A future 

student could run time course experiments to determine how long it takes PC-3 cells to 

regenerate integrins after trypsinization.  Conversely, a different method of re-plating 

the cells could be used altogether.  For example, integrins need calcium to interact 

with other protein during cell adhesion.  The use of ethylenediaminetetraacetic acid 

(EDTA), a calcium chelator, would prohibit cellular adhesion by sequestering calcium 

while leaving the integrins intact.  EDTA is found in trypsin however it can be used in 

higher concentration to remove cells from culture plates without damaging the 

integrins which are needed for this line of experimentation.   

At the onset of this investigation, our aim was to further our understanding 

of possible interactions of RhoC and Akt.  The PI3K/Akt pathway is frequently 

associated with increased metastasis and invasion in many human cancers and 

specifically prostate cancer.  Although it was not demonstrated in this investigation, 

Akt has been shown to be important in conveying a survival advantage when grown 

on components of the bone microenvironment, specifically collagen type I.  Rho 

GTPases are also implemented in invasion due to their role in regulation of cellular 

actin cytoskeletal structure.  The results from Ruth and Xu (2006) illustrate a possible 

connection between RhoC and the PI3K/Akt pathway which significantly increases 

invasion.  The work of this thesis delves into the possible interactions between these 

two oncologically relevant kinases.  We demonstrated that RhoC has an inhibitory 

effect on Akt activity.  This fact doesn’t fully explain their results of Ruth and Xu; 
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however our work does further confirm that there is an intimately connected between 

these two pathways. 
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