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ABSTRACT 

 
 

 Ovarian cancers often develop resistance mechanisms against the standard 

platinum and taxane chemotherapy, which indicates the need for novel therapeutics to 

improve patient outcome.  In vitro assays were performed to assess the effects and 

mechanism of action of a novel peptide, GAP-107B8, on ovarian cancer cell viability.  

Xenograft models were used to determine GAP-107B8’s effects on tumour burden in 

immune-incompetent mice.  GAP-107B8 significantly reduced cell viability in ovarian 

cancer cell lines, although no synergistic effects with carboplatin were observed.  This 

reduction in cell viability was due in part to apoptosis and may involve mechanisms 

leading to decreased pAKT, but without any change in pPKC levels.  In vivo, GAP-

107B8 had no effect on ovarian tumour burden, but significantly reduced ascites volume.  

The findings suggest that GAP-107B8 can reduce some malignant characteristics of 

cancer cells in vitro and in vivo and should be evaluated further as a potential therapeutic 

for ovarian cancer. 
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Chapter 1: INTRODUCTION 

1.1 Ovarian cancer: General overview  

About one of every 70 women develops ovarian cancer, making it the sixth leading 

cause of death and the most lethal gynaecological malignancy in women (Canadian 

Cancer Society, 2011).  The low survival rate is attributed to a lack of specific symptoms 

in addition to a lack of an effective screening method.  Symptoms such as bloating, 

nausea, early satiety and abdominal distension are shared with many other common 

gastrointestinal conditions (Bankhead et al., 2008; Bast et al 2009).  Screening tools such 

as transvaginal sonography (TVS) and monitoring of cancer antigen 125 (CA-125) are 

available, but these are only reliable methods to detect advanced or recurrent disease.  

These factors result in the majority of ovarian cancer cases to be diagnosed at a late stage, 

when metastasis has occurred, and when treatment is more difficult.   

Ovarian cancer is characterized by the presence of solid intra-peritoneal tumours and 

the accumulation of ascites.  Malignant ascites is defined as an abnormal accumulation of 

fluid in the peritoneal cavity occurring in association with a wide variety of neoplasms, 

including ovarian cancer (Runyon et al., 1994).  There are multiple causes of malignant 

ascites in ovarian cancer, but a detailed molecular understanding is still incomplete.  

Obstruction of lymphatic vessels, increases in vascular permeability, and secretion of 

vascular endothelial growth factor (VEGF) by tumour cells are all hypothesized to 

contribute to the accumulation of fluid in the abdominal cavity (Garrison et al., 1987; 

Adam and Adam, 2004; Senger et al., 1983; Kobold et al., 2009).  The presence of ascites 

is believed to be the clinical presentation of end-stage disease (Liao et al., 2011). 
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1.2 Ovarian cancer: Classification 

1.2.1 Staging 

Ovarian cancer is categorized into four stages of increasing severity: confined to the 

ovaries (stage I), spread but confined to pelvic organs (stage II), metastasized outside of 

the pelvic region, mainly in lymph nodes (stage III), or metastasized to distant sites 

outside of the peritoneal cavity, including the bowel, omentum and liver (stage IV) (Bast 

et al., 2009; Murdoch and McDonnel, 2002). 

1.2.2 Subtypes 

Different cell types are known to give rise to cancer of the ovary, resulting in 

different subtypes.  The majority (90%) of ovarian cancers derives from epithelial cells 

and is called epithelial ovarian cancer (EOC) (Bast et al., 2009; Ji et al., 2008).  Unlike 

most cancers, EOC becomes more differentiated as it progresses, resulting in four main 

subtypes that each resembles a particular section of the female reproductive tract.  The 

serous, mucinous, endometrioid and clear cell tumours resembles fallopian tube, cervical, 

endometrium and vaginal epithelium, respectively (Auersperg et al., 2001; Bast et al., 

2009; Bell, 2005; Bowtell, 2010; Kobel et al., 2008).  Each subtype of EOC differs in its 

risk factors, gene expression, and response to therapy (Bast et al., 2009; Kobel et al., 

2008).    

1.2.3  Grading of serous EOC  

The most common subtype, serous EOC, is subdivided into two grades associated 

with the pathway taken to malignancy (Shih and Kurman, 2004; Vang et al., 2009).  In 

general, Type I progresses slowly in a step-wise fashion from a benign cystadenoma to an 

invasive low grade serous tumour, while Type II progresses rapidly resulting in high 
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grade tumours (Shih and Kurman, 2004).  Type I is characterized by mutations in KRAS, 

BRAF, or ERBB2. Type II mutations are characterized by high DNA copy number 

changes, TP53 mutations, and BRCA1 dysfunction (Bowtell, 2010; Shih and Kurman, 

2004; Vang et al., 2009).  The two grades of serous EOC differ in age at diagnosis and 

response to chemotherapy (Vang et al., 2009) and high grade is more common than the 

low grade EOC (Seidman et al., 2006).    

1.3 Diagnosis and treatment of ovarian cancer 

1.3.1  Ovarian cancer screening 

Ovarian cancer has vague symptoms that are often misattributed or overlooked before 

a diagnosis is made.  The peritoneal location of the ovaries limits the ability to detect any 

abnormalities early.  The disease initially responds well to cytoreductive surgery and 

chemotherapy, and if the disease is confined to the ovaries (stage I), a 90% cure rate can 

be attained.  However, less than 20% of women with advanced ovarian cancer (stage III 

and IV) can be cured (Das et al., 2008).  To date, there is no reliable method of detecting 

early ovarian cancer.  CA-125 is the most notable serum marker involved in ovarian 

cancer, but it lacks sensitivity and specificity to be used alone on a single occasion for 

early detection of ovarian cancer (Bast et al., 1983).   

Greater specificity can be achieved by combining CA-125 and TVS, or monitoring 

CA-125 levels over a period of time. Early data from a large trial in the U.K. suggests 

that monitoring CA-125 levels to prompt TVS could increase the detection of the disease 

at early stages and provide adequate sensitivity (89.4%) and specificity (99.8%) (Menon 

et al., 2009).   
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Furthermore, since only approximately 80% of ovarian cancers express CA- 125, 

additional biomarkers are required.  Whey-associated four-disulphide core domain 

protein 2 (WFDC2), which may be transcriptionally upregulated by nuclear factor-κB 

(NF-κB), is a promising candidate (Bouchard et al., 2006).  Another report showed that at 

the tissue level, combining four or five biomarkers enabled researchers to identify more 

than 95% of ovarian cancers (Lu et al., 2004), suggesting that the use of a panel of 

biomarkers could enhance the level of detection. 

1.3.2 Current standard of care 

Ovarian cancer is one of the few cancers where surgical debulking is still indicated 

even though it may not be possible to remove all tumours (Bast et al., 2009).  After 

cytoreductive surgery, an intravenous (IV) chemotherapy regimen of taxanes and 

platinum based agents is currently the first-line treatment option.  Although most 

countries still choose the IV delivery route, a study by the Gynecologic Oncology Group 

has raised some interesting findings.  A randomized, Phase 3 clinical trial comparing IV 

and intraperitoneal (IP) administration of a combination of standard chemotherapeutic 

agents showed that the median duration of progression-free survival in the IV-therapy 

and IP-therapy groups was 18.3 and 23.8 months, respectively, and that the median 

duration of overall survival in the IP-therapy group was 15.9 months longer than the IV-

therapy group (Armstrong et al., 2006).  Despite the criticism of the IP study design, the 

National Cancer Institute reviewed the studies done in 3 large randomized trials which 

showed significant survival benefits of IP treatment and announced that clinicians should 

now consider IP chemotherapy as an option for front-line treatment.    
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Unlike the underlying cancer, there is currently no generally accepted evidence-based 

guideline for the management of malignant ascites.  A number of methods have been 

practiced, the most commonly used procedures being paracentesis and a combination of 

diuretics and reducing sodium intake (Lee et al., 1998).  Other treatment options include 

peritovenous shunts and IP chemotherapy.  Recently, a new trifunctional monoclonal 

antibody to cluster of differentiation 3 (CD3) receptor and epithelial cell adhesion 

molecule (EpCAM) called Catumaxomab given IP has shown symptom relief in patients 

with ovarian cancer and malignant ascites (Ströhlein  et al., 2009).  Because of the role of 

vascular endothelial growth factor (VEGF), VEGF inhibitors like Bevacizumab 

(Avastin™) have also received attention.  The biggest problem facing the potential 

treatment options is the fact there are no randomized controlled trials evaluating safety 

and assessing efficacy in malignant ascites.  Therefore, there is still a need for evidence 

supporting agents that can effectively provide symptomatic relief in the treatment of 

malignant ascites.        

1.3.3 Targeted therapies: General 

When exposed to chemotherapeutic agents, ovarian cancer cells can alter their gene 

expression and frequently develop resistance mechanisms (Konstantinopoulos et al., 

2008).  Therefore, other methodologies to treat these tumours are the focus of current 

research.  Targeted therapies are one of these new methodologies.  In contrast with 

traditional chemotherapeutics, targeted therapies inhibit stroma, vasculature or cell 

signaling pathways aberrant in tumour tissue, thus enhancing selectivity and reducing 

toxicity to normal tissue (Blagden et al., 2009).  Targeted therapies including small 
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molecule inhibitors or monoclonal antibodies (mAbs) directed against protein kinases are 

attractive treatment options either alone or in combination with standard chemotherapy.  

Protein kinases play an integral part in the signaling within a cell.  The human 

genome encodes approximately 600 kinases, with 100-200 expressed in any given cell.  It 

is their “druggable” nature that has enabled validation at the biochemical, cellular and in 

vivo levels (Traxler et al., 2003).  There have been many successes in the development of 

small molecule inhibitors, including Imatinib (Gleevec®) and Erlotinib (Tarceva®).  

Imatinib is a specific tyrosine kinase inhibitor that acts by competitive inhibition of the 

ATP binding site of Bcr-Abl and is used for the therapy of patients with chronic 

myelogenous leukaemia and gastrointestinal stromal tumours.  Erlotinib is a selective 

epidermal growth factor receptor (EGFR) kinase inhibitor indicated in pancreatic, lung 

and head and neck cancers (Traxler et al., 2003).  

 Monoclonal antibodies have also been used in the clinic.  The monoclonal human 

epidermal growth factor receptor-2 antibody trastuzumab (Herceptin®) has been 

successfully implemented in breast cancer.  The VEGF inhibitor Bevacizumab has 

improved clinical outcome in a wide spectrum of malignancies, including breast, colon 

cancer, and ovarian cancer (Frederick et al., 2009; Hurwitz et al., 2004; Miller et al., 

2007). 

1.3.4 Targeted agents in ovarian cancer therapy 

Although many agents have failed to show sufficient efficacy, some notable targeted 

therapies are currently in clinical trials in ovarian cancer.  Anti-VEGF strategies are one 

of the promising avenues based on molecular understanding of tumour angiogenesis.  

Angiogenesis refers to the process of new blood vessel formation in order to supply a 
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growing tumour with adequate oxygen and nutrients.  This process is achieved when the 

tumour upregulates expression of pro-angiogenic growth factors such as VEGF and the 

VEGF receptor (Hanahan and Folkman, 1996).   

 Inhibition of VEGF is a proven therapeutic strategy that is most commonly used in 

conjunction with cytotoxic chemotherapeutic agents.  However, single agent anti-

angiogenics are quite effective as monotherapies in epithelial ovarian cancers.  As 

mentioned above, Bevacizumab is a monoclonal antibody directed against vascular 

endothelial growth factor receptor A (VEGF-A).  Two Phase II clinical trials using 

Bevacizumab, the second trial consisting of only platinum resistant patients, 

demonstrated promising results.  The two studies demonstrated objective response rates 

of 21% and 16% respectively, with 52% and 64% achieving stable disease and a median 

progression-free survival (PFS) of 4.4 and 4.5 months respectively (Burger et al., 2007; 

Cannistra et al., 2007).   

Another VEGF inhibitor monotherapy study involved the VEGF Trap, which is a 

fusion protein that acts to bind VEGF-A and neutralize all VEGF-A isoforms.  When 

given to patients with recurring ascites, twice-weekly intravenous administrations of the 

drug were found to reduce the frequency of paracentesis required in 8 out of 10 patients 

(Colombo et al., 2008).  

An alternative targeted therapy in ovarian cancer takes advantage of the concept of 

synthetic lethality.  While patients with an inherited mutation in the tumour suppressor 

BRCA1 are known to be predisposed to breast cancer, it was noted these patients also 

have a 40% increased risk of developing ovarian cancer by 70 years of age (Sowter and 

Ashworth, 2005).  Among the many functions of BRCA1 is its role within the DNA 
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damage repair pathway, in which BRCA1 is involved in recognition and repair of double-

strand DNA breaks by homologous recombination (Wang et al., 2000).  Poly (ADP-

ribose) polymerase (PARP) is an enzyme involved in repair of DNA single-strand breaks 

using the base excision repair pathway.  Synthetic lethality in this instance involves the 

blocking of PARP in addition to the BRCA1 mutations, thus not allowing the repair of 

double strand breaks to occur, leading to chromosomal instability and ultimately, cell 

death (Tutt et al., 2005; Ashworth et al., 2008).  A Phase I trial with the oral PARP 

inhibitor Olaparib on patients who were largely platinum resistant or refractory to 

standard therapy, has shown a 44% partial response and a 25% rate of stable disease. 

Toxicity was mild, consisting of gastrointestinal symptoms and fatigue and a Phase II 

trial is now ongoing (Yap et al., 2007; Fong et al., 2008).   

1.3.5 Targets and pathways in ovarian cancer 

Recently, there has been a recognition that targeting specific oncogenes may be less 

effective than targeting key signaling pathways which are commonly activated in cancer.   

There at least seven signaling pathways activated in >50% of ovarian cancers.  The 

phosphatidylinositol 3-kinase (PI3K) pathway is activated in the majority of ovarian 

cancers, and its activation is associated with resistance to cytotoxic chemotherapy.  It is 

involved in mediating an anti-apoptotic response, aiding chemotherapy resistance by 

interacting with the apoptosis inhibitor survivin and blocking p53 response to pro-

apoptotic stimuli (Fraser et al., 2008; Xing et al., 2008).  Inhibitors of PI3K and Akt 

prevent growth of tumours in ovarian cancer xenografts and enhance the effects of both 

platinum and taxane chemotherapeutic agents (Hu et al., 2002).  Other pathways which 

play a role in ovarian cancer include the IL-6-JAK2-STAT3 and lysophosphatidic acid 
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signaling cascades, resulting in efforts to develop inhibitors for different components in 

these cascades (Burke et al., 2011, Beck et al., 2008).    

1.4  Rational peptide drug design 

Peptide-based therapeutics possess advantages such as specificity and affinity 

compared to small molecules.  However, their low resistance to serum and tissue 

proteases in the body, rapid clearance by the kidneys, and the difficulty in maintaining 

potency inside the cell remain as hurdles to commercial interest in peptides (McGregor, 

2008; Foerg et al., 2008).   

Nevertheless, there are a number of computational methods for the rational design of 

peptide modulators of protein-protein interactions.  Peptides, unlike small synthetic 

molecules, can be designed using sequence-based strategies.  Peptides, however, are large 

in size and are highly flexible, presenting challenges for the conventional computational 

docking approaches that rely on the usually small number of rotatable bonds in typical 

molecules.  Both sequence-based and structure-based approaches are used to design 

peptides.  The approaches described below are schematically represented in Figure 1 

(Rubinstein and Niv, 2009).   

1.4.1  Sequence-based approaches 

Sequence-based strategies involve either mimicking a binding partner, or finding an 

optimal synthetic peptide by a wide-scale screen.  One popular strategy is to mimic the 

sequence of one of the interacting proteins.  Most protein kinase inhibitors are small 

molecules that disrupt the adenosine-5'-triphosphate (ATP) binding of their target kinase 

(Sebolt-Leopold and English, 2006; Bozulic et al., 2007).  Recently, alternative 

approaches have considered targeting the protein-protein interactions.   



 10

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of some approaches used in drug development.  

Adapted from Rubinstein and Niv (2009).   
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Copying either the substrate or the substrate-binding regions of kinases are effective 

strategies that have been described.  For instance, the sequence of the insulin-like growth 

factor 1 activation loop was used as a pharmacophore template to be mimicked by new 

macrocyclic molecules (Qvit et al., 2008).  Perhaps the best result of this design process  

is an anti-HIV drug called Enfuvirtide (Fuzeon®).  It is a synthetically produced peptide 

and one of the success stories that reinvigorated research in the design of peptide drugs. It 

is a Food and Drug Administration approved drug that was derived from a continuous 

sequence within one of the domains of the gp41 transmembrane protein, which is part of 

the HIV-1 envelope that mediates HIV-cell fusion (Cooper and Lange, 2004).  

Enfuvirtide disrupts the fusion process between host and viral membranes (Cooper and 

Lange, 2004).     

A wide-scale screen can also be employed to find an optimal synthetic peptide.  

These screens can be random (Hong et al., 2008) or biased (Qvit et al., 2008) peptide 

libraries of up to 20 amino acids in length (Henderson and Bradley, 2007).  Here, the 

protein ligand is allowed to select the best-fitting structures from a large population such 

as a combinatorial library of diverse molecules.  The strategy does not rely on prior 

structural information, and therefore results in the possibility of new molecules that may 

not necessarily resemble the native ligands of the protein, but nevertheless are selected to 

effectively block the protein-protein interaction (Eichler, 2008).  This approach develops 

mimotopes; peptides that mimic antibody epitopes or other protein binding sites.  These 

mimotopes are usually identified using phage display peptide libraries (Sebolt-Leopold 

and English, 2006).    
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1.4.2 Structure-based strategies 

The use of the resolved 3D structures of signaling proteins, preferably in complex 

with their ligands, vastly aids the design process of interacting peptides.  Furthermore, 

site-directed mutagenesis helps identify important protein amino acid residues essential 

for ligand binding.  Once a binding site has been located, the challenge of mimicking it  

lies in being able to present it in a spatial arrangement that is recognized by the ligand.  

This process often includes attempts to not only mimic the amino acid sequence of the 

binding site, but also stabilize its ligand-binding conformation.  One of the key 

challenges in structure-based design is that peptides have far greater degrees of freedom 

than small molecules, so accounting for this in a computational prediction is essential.  

Conformational plasticity of the protein is also paramount to consider, since some 

protein-protein interactions stabilize the inactive form of the protein (Rubinstein and Niv, 

2009). 

1.4.3 Lead compound optimization 

Finally, docking of the peptide is also important, particularly for optimization of the 

peptide, developing it into a lead compound.  Docking refers to the interaction between 

the protein and the peptide when in a complex, an interaction that is predicted based on 

algorithms evaluating characteristics such as conformation, orientation, and binding 

affinity between the two molecules (Sousa et al., 2006).    

Docking is a complex process because although the process is straightforward for 

ligands with few rotatable bonds, for highly flexible ligands like peptides, it is not trivial 

to use an algorithm to assess docking.  Ways to limit the conformation space (constraints) 
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are crucial to successful peptide docking.  One way to introduce stereotopic constraints is 

to cyclize the peptide.  For example, Cilengitide is a cyclic ligand-mimicking peptide 

which binds to and blocks the activities of the integrins, inhibiting endothelial cell-cell 

interactions and angiogeneisis (Goodman et al., 2002). 

The rational design of peptide compounds continues to be important area of research.  

Computational tools suitable for modeling peptide-protein interactions are now being 

employed.  Further information on the precise interaction between the peptide and the 

protein in a complex is likely to lead to the greatest advancement in the field and help to 

develop new compounds that can eventually become drug candidates.   

1.5 Kinase inhibitors 

1.5.1 Peptide inhibitors: General  

ATP competitive small molecule inhibitors were briefly mentioned above.  The 

hydrophobic nature of the ATP binding site makes it an ideal drug binding site.   But 

while the ATP binding sites between kinases are fairly similar, the diversity of peptide 

substrates across the protein kinase family leads to more variation in the peptide-binding 

cleft.  This diversity presents an opportunity to exploit the peptide substrate site and 

achieve greater selectivity than is demonstrated by the ATP-competitive inhibitors.  

There are many types of peptide inhibitors: pseudosubstrate inhibitors, bisubstrate 

inhibitors, and inhibitors that target domains in signaling proteins or modulate 

localization of kinases.  We will focus on pseudosubstrate inhibitors and bisubstrate 

inhibitors.   
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1.5.2 Pseudosubstrate inhibitors  

Pseudosubstrate peptide inhibitors mimic natural protein substrates of kinases and can 

prove to be very effective.  Pseudosubstrate inhibitors often contain binding elements 

making substrates of a particular protein kinase, but with minor alterations that allow 

them to exercise their inhibitory functions.  For instance, protein-serine kinase 1 is a 

naturally occurring protein kinase A antagonist that is able to bind to the kinase without 

being phosphorylated, owing to a mutation (Walsh et al., 1971).  The lack of a 

phosphorylatable residue maintains the slow off-rate for the peptide, which is normally 

enhanced following phosphorylation.  In contrast with ATP-competitive inhibitors, a 

pseudopeptide targeting Protein Kinase C (PKC) α recently screened had over 350 fold 

selectivity against other PKC isozymes (Li, 2006).  One drawback to pseudosubstrate 

inhibitors is that their potency is usually lower than that of ATP-competitive inhibitors in 

biochemical assays.       

1.5.3 Bisubstrate inhibitors 

Bisubstrate Inhibitors represent an alternative strategy for identification of selective 

kinase inhibitors.  This class has interactions in both the kinase ATP and peptide 

substrate binding sites by mimicking both the phosphate donor (ATP) and acceptor 

components (serine, threonine or tyrosine containing peptides).  While the specificity 

afforded to a dual-site interaction is good and the constraints on the geometry of the two 

components will contribute to specificity, the challenge is designing linkers that maintain 

optimal interaction of both components with the targeted kinase (Harrison et al., 2008).  
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The compound used in this study was designed as a bisubstrate inhibitor that targets 

members of the PKC family.  

1.6 Protein kinase C 

Protein kinases are a part of a superfamily of approximately 600 separate proteins 

encoded by the human genome.  Functionally, these proteins transfer phosphate from 

ATP to serine, threonine and tyrosine residues of a peptide substrate.  The reaction occurs 

in the cleft formed between the amino-terminal lobe, which contains the glycine rich loop 

that binds ATP, and the larger carboxy-terminal loop (Taylor et al., 1993).   

One class of kinases is PKC.  PKC is a family of serine/threonine kinases that 

controls many cellular processes including cell proliferation, cell cycle control, 

differentiation, cell polarity and survival (Nishizuka, 1986; Fields and Gustafson, 2003).  

All PKC isoforms share similar overall structure consisting of an N-terminal regulatory 

domain and a C-terminal catalytic domain, which is also known as a kinase domain 

(Figure 2).  Functionally, the N-terminal regulatory domain serves two purposes.  First, it 

contains modules which attach the enzyme to various locations in the cell when engaged  

by lipid second messengers or other interacting proteins.  Second, the domain negatively 

regulates enzymatic activity; it possesses a pseudosubstrate sequence that closely 

resembles a PKC substrate site.  This sequence binds to the substrate binding cavity in the 

C-terminus and blocks catalytic activity.  When lipid second messengers bind to the  

regulatory domain, the pseudosubstrate sequence is removed from the kinase domain, 

allowing substrate binding and target phosphorylation.     
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Figure 2. The overall domain structures of the classical, novel and atypical PKC 

isoforms.  Adapted from Newton (2001).  
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1.6.1 PKC isoforms: Classification 

Following the discovery of PKC by Nishizuka and colleagues in the 1970s (Inoue et 

al., 1977), the subsequent PKC isoforms warranted a classification system.  The ten 

members of PKC are classified into three subgroups; conventional, novel, and atypical 

PKCs (Figure 2).  

Conventional PKCs or classical PKCs (cPKCs) (α, βΙ, βΙΙ and γ) were first discovered 

in the brain of the cow (Parker et al., 1986). They possess a pseudosubstrate motif, C1 

domain, and Ca2+ binding site at their C2 region (Roffey et al., 2009). Both C1 and C2 

domains can aid in translocation by interacting with the cell membrane.  cPKCs can be 

activated by a combination of Ca2+, diacylglycerol (DAG), and phospholipids (Newton, 

1997, 2001). 

Other researchers have investigated novel PKCs (nPKCs) such as PKC-δ, ε, η, and θ 

(Dekker and Parker, 1994).  Although similar to cPKCs, they are not activated by Ca2+ 

because novel PKCs have no aspartate residues for Ca2+ coordination (Pears et al., 1992). 

However, to circumvent this problem anionic phospholipids including 

phosphotidylinositol- 2- phosphate, phosphotidylinositol or phosphotidylserine can bind 

to the C2 domain. (Pepio and Sossin, 2001).  Therefore, translocation to the membrane 

and activation of nPKCs are dependent on the binding of DAG and anionic 

phospholipids.   

Atypical PKCs (aPKCs) include PKCι and PKCζ.  While the catalytic domains of 

aPKCs are similar to cPKCs and nPKCs, the chief differences lie in the C1 regulatory 

domain.  The C1 domains of atypical PKCs do not bind DAG and also lack calcium 
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binding pockets, and thus are not activated by either DAG or Ca2+.  One study suggested 

ceramide may directly activate PKCζ in vitro (Bourban et al., 2000).  There is also a Phox 

Bem 1 (PB1) domain instead of a C2 domain in aPKCs.  The PB1 domain mediates 

protein-protein interactions.  In PKCζ, for instance, the PB1 domain binds to phox and 

Cdc motifs of the adaptor protein ZIP (protein kinase C ζ interacting protein), an 

interaction which may be involved in its recruitment to a signaling complex or to 

potassium channels (Ito et al., 2001).  PKCζ also uses its PB1 domain to bind to the PB1 

domain of Par6, an interaction involved in establishing polarity in epithelial cells (Noda 

et al., 2003).  

1.6.2  Regulation of PKC  

PKC is regulated both structurally and spatially.  To be fully functional, the kinase 

must be phosphorylated at the appropriate residues, have its pseudosubstrate removed, 

and be localized at the correct intracellular location.   

The three key phosphorylation sites on the C-terminus of PKCs are known as the 

activation loop (A-loop), turn-motif (TM), and hydrophobic-motif (HM).  First, 

phosphorylation of a threonine residue on the A-loop is the rate limiting step.  Evidence 

suggests this phosphorylation event is catalyzed by phospho-dependent kinase 1 (PDK1), 

with the exception of PKC δ, where studies have shown deletion of PDK1 does not 

abolish PKC δ A-loop phosphorylation (Wood et al., 2007).    

Following the A-loop phosphorylation, autophosphorylation occurs at the TM and 

HM, which are located at different residues in the different classes of PKC.  For 

conventional PKCs, autophosphorylation occurs at serine 641 and threonine 660; for 

novel PKCs, at threonine 566, 710, and serine 729; while in atypical PKCs, threonine 410 
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and 560 are autophosphorylated (Pepio and Sossin, 2001).  After these sequential 

phosphorylation events, the species is able to adopt a self-inhibited, phosphatase resistant 

conformation and is released from the cell membrane into the cytosol.     

1.6.3  Regulation by membrane interaction and anchoring protein 

The next step in the regulation of PKC is the translocation from the cytosol to the 

membrane.  The presence of cofactors such as phosphatidylserine, DAG and Ca2+ 

provides the allosteric switch to activate PKC and begin the translocation process.  

Anchoring proteins such as receptors for activated C kinase (RACKS) and substrates that 

interact with C kinase (STICKS) facilitate PKC translocation to the membrane sites and 

allow interaction with cofactors (Dekker, 2004).  Phosphatidylserine and DAG can bind 

to the C1 domain while Ca2+ binds to the C2 domain. Binding of one or more ligands 

provides sufficient energy for the pseudosubstrate to be released from the active site and 

allow substrate binding and catalysis to occur. (Dekker, 2004).     

1.6.4  PKC inhibitors 

There are a few classes of PKC inhibitors including small molecule inhibitors and 

natural modulators of PKC.  First, small molecule PKC inhibitors are ATP competitive 

inhibitors that bind to the kinase domain of the PKC isozymes.  The agents in this class 

have variable specificity for PKC isoforms.  Midostaurin inhibits the cPKC and nPKC 

isozymes while enzastaurin is a PKC-β inhibitor currently being evaluated in a variety of 

cancers including glioblastoma, lymphoma, and pancreatic cancer (Weisberg and Griffin, 

2001; Rizvi et al., 2006).   

Natural modulators of PKC also exist.  Bryostatin, which is currently being tested in 

Phase I and II trials, was found from a marine invertebrate and acts as an activator of 
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PKC in the short term, but as an inhibitor when used over a long period of time (Smith et 

al., 1985; Philip and Zonder, 1999).  Other agents are categorized as nutritional or 

chemopreventive agents.  Curcumin, for instance, is a dietary pigment responsible for the 

yellow color of curry.  It competes with calcium for the chance to bind PKC.  It is 

currently being evaluated in a number of cancers including multiple myeloma, pancreas 

and colorectal cancer (Kunnumakkara et al., 2008). 

1.6.5 PKC and tumourigenesis 

PKC became a hot topic in cancer research in the early 1980s when Yasutomi 

Nishizuka and co-workers provided the first solid evidence of its identification as the 

target of the phorbol esters, which are natural products with tumour-promoting activity 

(Castagna et al., 1982).  The different isoforms of PKC have both redundant and specific 

functions that may differ in different types of cancer, increasing the complexity of 

assigning functions to each isoform.  The unique contribution of the various isoforms to 

cancer development and progression are outlined in Table 1. 

Although not always the case, there is evidence for opposing roles in tumour biology 

between different PKC isoforms.  For cPKCs, PKC α generally has anti-proliferative effects, 

as seen in intestinal, breast and pancreatic cells (Slosberg et al., 1999; Detjen et al., 2000).  

Meanwhile, PKCβI promotes a survival response to chemotherapeutic agents in gastric cancer 

(Jiang et al., 2002).  For nPKCs, the contrasting roles of PKCε and PKCδ in survival and 

apoptosis, respectively, presents an interesting dynamic.  Deregulation in the ratio of apoptotic 

and survival signals is a hallmark of carcinogenesis.   Overexpression of PKCε confers a 

growth advantage in anchorage independent cultures and produces a tumourigenic phenotype 

in nude mice (Mischak et al., 1993).  For aPKCs, PKCι has been shown to be highly expressed  
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Table 1. PKC isoform expression in various cancers 

 
Increased 
expression in cancer 

Reference  

Prostate,  Koren et al., 2004 
Endometrial  Fournier et al., 2001 
Hepatocellular  Tsai et al., 2005 

PKCα  Hematological Lahn et al., 2005 
Prostate Koren et al., 2004 
Bladder Varga et al., 2004 
Colon Gokmen-Polar et al., 2001 

PKCβ Ovarian Zhang et al., 2006 
Breast Mazzoni et al., 2003 

PKCγ Ovarian Zhang et al., 2006 
PKCδ Pancreatic  El-Rayes et al., 2008 
PKCη Renal  Brenner et al., 2003 

Gastrointestinal 
stromal tumour Blay et al., 2004 

PKCθ Ovarian Zhang et al., 2006 
Prostate Koren et al., 2004 
Brain Sharif et al., 1999 

PKCε Breast Pan et al., 2005 
Follicular Lymphoma Leseux et al., 2008 
Pancreatic Peng et al., 2007 

PKCζ Ovarian Zhang et al., 2006 
Non small cell lung Regala et al., 2005 
Pancreatic  Scotti et al., 2010 

PKCι Ovarian Zhang et al., 2006 
 

 

Decreased 
expression in 
cancer  

Reference  

Basal cell Neill et al., 2003 
Colon Kahl-Rainer et al., 1994 

PKCα  Breast Kerfoot et al., 2004 
PKCβ Bladder Varga et al., 2004 
PKCγ     
PKCδ  Bladder  Varga et al., 2004 
PKCη  Breast Masso-Welch et al., 2001 
PKCθ  Colon Kahl-Rainer et al., 1994  
PKCε     
PKCζ     
PKCι    
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in ovarian carcinomas and cooperates with the oncogene mutant Ras (Zhang et al., 2006).  

Also, observations made in colorectal cancer suggest PKCι and PKC βII cooperate to promote 

cancer progression (Murray et al., 2009).  

1.6.6 PKCs and ovarian cancer 

Certain PKC isoforms have been implicated specifically in ovarian cancer.  PKCε has been 

identified as an emerging oncogene in ovarian cancer.  It has been shown to phosphorylate 

claudin-4, which is frequently overexpressed in ovarian cancer (D’Souza, et al., 2007).  

Claudins are proteins that play a role in forming and maintaining tight junctions.  In an array-

based comparative genomic hybridization on human ovarian cancer specimens, a select 

number of PKCs were found to be significantly upregulated, including PKC βI, PKC γ, PKC ζ, 

and PKC θ, and PKCι.  PKCι, in particular, has been the focus of some recent research in the 

field of ovarian cancer.  Among 11 different solid cancers, PKCι was found to be most highly 

expressed in ovarian cancers (Zhang et al., 2006).  The array-based comparative genomic 

hybridization on human ovarian cancer specimens showed that PKCι DNA copy number 

exhibited a 43.8% gain, the largest gain reported for any PKC isoform (Zhang et al., 2006).  

Interestingly, overexpression of PKCι did not seem to affect human ovarian cancer cell 

proliferation or apoptosis in vitro.  However, a study done in vivo in Drosophila suggested that 

increased PKCι levels correlated with increased cyclin E protein expression, and that this was 

the cause of increased proliferation in Drosophila epithelial cells (Eder et al., 2005).  It is 

possible the effect of PKCι on cell proliferation is not a direct function but rather dependent on 

in vivo growth requirements in cancer.   
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PKCι has been shown to be activated by K-ras and their co-expression contributes to ovarian 

epithelium transformation (Zhang et al., 2006).  The PKCι inhibitor Aurothiomalate (ATM) is 

currently in Phase I clinical trials in non small cell lung cancer (NSCLC) patients, but it has 

not been tested yet in clinical trials of ovarian cancer.  ATM was shown to inhibit binding of 

scaffold proteins par6 and p62 to the PB1 domain of PKCι. (Bratt et al., 2000; Yamashita et 

al., 2003; Jeon et al., 2000).  This leads to downstream effects such as the uncoupling of both 

Rac1 and NF-κB from PKCι.  Rac1 binds to the scaffold protein par6 and the PKCι-par6-Rac1 

complex is implicated in transformed growth and invasion in non small cell lung cancer cells 

(Regala et al., 2005).  p62 links PKCι to NF-κB in some cell types and this signaling cascade is 

implicated in the  survival and chemoresistance of chronic myelogenous leukemia cells (Sanz 

et al., 1999).   

1.7 GAP-107B8 

1.7.1 GAP-107B8 design 

GAP-107B8 (PharmaGap Inc.) is a bisubstrate inhibitor that targets both the ATP 

binding site and the PSD-95, disheveled and ZO1 (PDZ) binding motif of PKCα.  The 

PDZ motif is a protein-protein interaction module that binds to membrane proteins in 

addition to lipid molecules (Sheng and Sala, 2001; Zimmermann et al., 2002).  GAP-

107B8 was designed, in part, to mimic a portion of Protein Interacting with C Kinase 

(PICK1), allowing it to specifically modulate the function of PKCα in cells.  PICK1 is a 

PKC α binding protein cloned using the yeast-2-hybrid system (Staudinger et al., 1995).  

PICK1 is a unique gene, being the only gene in the NCBI database that has both a BAR 

domain and a PDZ domain (Figure 3A).   
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Figure 3. Domain structure of the PICK1 protein. A Diagram of PICK1 domains 

showing the N-terminal acidic region (NAR), PDZ domain, linker region, BAR domain 

and the C-terminal acidic region (CAR). B Protein sequence of PDZ domain from the 

human PICK1 protein.  Residues K27 and D28 of PICK1, which are critical for binding 

to PDZ ligands, and residue K83, which determines the preference to different types of 

PDZ-binding motifs, are underlined and highlighted.  Adapted from Xu and Xia (2006).      
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The BAR domain is a protein module of about 200 amino acids that binds to lipids.  It 

is often found in proteins involved in membrane trafficking and particularly endocytosis. 

PICK1’s PDZ domain consists of six β sheets and two α helixes with αB and βB 

forming the binding pocket.  Figure 3B shows the protein sequence of the PDZ domain 

of the human PICK1 protein.  The lysine (K27) and aspartic acid (D28) residues are very  

important, as mutation of these residues together completely disrupts PICK1’s PDZ 

interaction (Xia et al., 1999; Staudinger et al., 1997).   

The PDZ domain is a modular protein-protein interaction motif that aids to localize 

proteins to specific subcellular sites (Saras and Heldin, 1996).  The PDZ domain of 

PICK1 is located at its NH2 terminus, which is required for interaction with a PDZ-

binding motif (QSAV) at the extreme COOH terminus of PKCα.  This PDZ motif is 

found at the carboxyl end of all PKC isozymes but differs in sequence between isozymes, 

creating the potential for selective binding. 

1.7.2 GAP-107B8 structure 

In all forms of GAP-107B8 used in this study, the peptide nucleic acid (C11N14H7O2) 

has been linked to the epsilon amino group on a designated Lysine (K) residue and the 

Protein Transduction Domain (PTD), when present, has always been attached to the 

amino group of the peptide nucleic acid (PNA).  Otherwise, the compound has undergone 

a number of name changes and structural/synthetic alterations.  Table 2 illustrates these 

changes.  The most significant changes occurred in the counter ion used during 

production of GAP-107B8.  Earlier forms of GAP-107B8 required the lyophilized 

peptide to be dissolved in DMSO, while later versions of the L and D-isomer permitted 

dissolution in water.  The D-Isomer, in addition to changing each possible amino acid to 
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Table 2.  Evolution of the GAP-107B8 structure.      

Name Compound Name Structurea PTDa,b Counter Ion Diluent 
GAP-107B8-X-TFA GAP-107B8.119 

 
      Ac-FRRKFRLGGGGGGKDAQNLIGISI-CONH2 

None Trifluoroacetate DMSO 

GAP-107B8-L-TFA GAP-107B8-002 
GAP-107B8-004 

Trifluoroacetate DMSO 

GAP-107B8-L-Ac GAP-107B8.106 
GAP-107B8.107 
GAP-107B8.108 
 

 
      Ac-FRRKFRLGGGGGGKDAQNLIGISI-CONH2 

 
 
 
 
KRRQRRKKR-Ac Acetate H2O 

GAP-107B8-D-TFA GAP-107B8-D3-001 
 

Acetate H2O 

GAP-107B8-D-Ac GAP-107B8.301 
 

 
          Ac-frrkfrlGGGGGGkdaqnliGisi-CONH2 
 
 

 
 
 
 
rkkrrqrrk-Ac 
 

Acetate H2O 

a Lower case amino acids are in the D-conformation 

b Protein Transduction Domain (PTD)  is coupled to the peptide nucleic acid (PNA) moiety at the asterisk (*)

*

*
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its D-configuration, subtly altered the sequence of the PTD.  Addition of the PTD 

sequence may increase membrane penetration into the cancer cells compared with an 

earlier version, GAP-107X8-L-TFA.   

1.8 Project Rationale 

While the current standard of care in the treatment of ovarian cancer following 

surgical debulking yields high initial response rates, patients often relapse and the need 

remains to investigate novel therapeutics.  A novel peptide inhibitor called GAP-107B8 

was developed by PharmaGap Inc. and was tested on several human ovarian cancer cells 

lines.  This study evaluated the effect of two isomers of GAP-107B8 on cell viability in 

adherent and anchorage independent growth conditions in vitro.  Also, the effect of GAP-

107B8 on the rate of tumour development was assessed in vivo.  Finally, the mechanism 

of action of GAP-107B8 on ovarian cancer cells was investigated.  

1.9 Hypotheses 

At the start of this project, it was hypothesized that:  

1) GAP-107B8 inhibits cell viability in adherent and anchorage independent cultures 

and reduces migration and invasion by ovarian cancer cells in vitro and that GAP-

107B8 reduces tumour burden in SCID mice xenografted with ovarian cancer cells 

in vivo.   

2) PKCι is overexpressed in the ovarian cancer cell lines most responsive to GAP-

107B8 and its activity is downregulated with treatment of GAP-107B8.   

3) GAP-107B8-D-Ac (D-Isomer) causes more potent inhibition of cell viability in 

adherent and anchorage independent cultures in ovarian cancer cells in vitro and a 

greater reduction of tumour burden in vivo.   
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1.10 Project objectives  

1) To evaluate the effect of GAP-107B8 on cell viability in adherent and 

anchorage independent cultures and motility in a panel of ovarian cancer cell 

lines in vitro in the presence and absence of carboplatin 

2) To assess the effect of GAP-107B8 on tumour burden in xenograft models of 

human ovarian cancer 

3) To identify the mechanisms by which GAP-107B8 alters ovarian cancer cell 

activity 

4) To evaluate and compare the effects of L- and D-isomers of GAP-107B8  
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Chapter 2: MATERIALS AND METHODS 

2.1 Tissue culture 

2.1.1 Cell lines and maintenance 

The cell lines used in this study were obtained from sources cited in Table 3.  A2780cp, 

A2780s, C13, OV2008 and ES-2 and OVCAR8 cells were maintained in Dulbecco’s 

minimum essential medium (D-MEM, Hyclone, Logan, UT).  HEY, OVCA429, SKOV-

3, OVCAR3 and OCC1 cells were maintained in Alpha Minimum Essential Medium (α-

MEM, Hyclone).  Media were supplemented with either 5% heat-inactivated 3:1 donor 

bovine serum:fetal bovine serum (DBS:FBS; PAA Laboratories Inc., Etobicoke, ON) or 

5% Fetal Bovine Serum Characterized (Hyclone).  Cell cultures were maintained in 75 or 

175 cm2
 flasks (Corning Inc., Corning, NY) at 37˚C in a humidified incubator 

equilibrated with 5% carbon dioxide (CO2). Cells were passaged at or near confluency, 

washing with phosphate buffered saline (PBS; HyClone, Logan, UT) and then incubating 

at 37˚C in 0.05% trypsin (Hyclone) for 2-3 minutes. Once cells were detached from the 

plate, the appropriate medium was added to inactivate the trypsin and cells were 

centrifuged at 2000 rpm for 4 minutes.  The cell pellet was resuspended in fresh medium 

and a fraction was plated.   

Cells were frozen in cryovials (Nalge Nunc International Corp., Rochester, NY) using 

freezing media composed of 10% dimethylsulfoxide (DMSO, Sigma-Aldrich., Oakville, 

ON) and 90% FBS.  Cells were frozen at -80˚C for temporary storage or transferred to 

liquid nitrogen for long-term storage.  To revive frozen cells, cells were thawed in a 37˚C 

water bath and then added dropwise into a small amount of warm medium and incubated  
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Table 3. Human ovarian cancer cell lines used in this study 
 

Cell Line (Source) Tissue Source Reference 

A2780-s (M. Molepo) 
Untreated ovarian cancer 

patient 
Eva et al., 1982 

A2780-cp (M. Molepo) 
Stepwise exposure of A2780-s 
cells to up to 70 μM cisplatin 

Masuda et al., 1988 

C13 (M. Molepo) 
Stepwise exposure of OV2008  
cells to 0.25-5.25 μM cisplatin 

Andrews and Albright, 1992 

Hey (G. Mills) Serous Ad, solid tumor Buick et al.., 1985 

OCC1 (G. Mills) 
Ascetic fluid of clear cell 

carcinoma 
Wong et al., 1990  

OV2008 (M. Molepo) 
Serous Ad, solid tumor, stage 

IV 
DiSaia et al., 1972 

OVCAR-8 (J. Bell) MCF-7/adriamycin resistant  Batist et al., 1986 

OVCA 429 (G. Mills) Ad, ascites Bast et al., 1981 

OVCAR-3 (G. Mills) 
Poorly differentiated papillary 

Ad, ascites 
Hamilton et al., 1983b 

SKOV-3 (G. Mills) Ad, ascites Fogh and Trempe, 1975 

ES-2                        
(ATCC No. RL-1978TM) 

Ovarian clear cell carcinoma Lau et al., 1991 
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at 37˚C in a 5% CO2 humidified environment.  The medium was replaced with fresh 

medium within 1 day.             

2.2 Test compounds  

PKC inhibitor GAP-107B8 (PharmaGap Inc, Ottawa, ON) was received in powder 

form and was subsequently dissolved to a stock concentration of 3.25 -20 millimolar 

(mM) in DMSO or double distilled water (ddH2O).  The fresh stock solution was then 

divided into aliquots for each experiment, frozen and stored at -20°C or -80°C until 

needed.  Table 4 shows the compound name corresponding to the experiments in which 

it was used. 

Carboplatin (Mayne Pharma Inc., Montreal, PQ) was received as a 10mg/mL 

solution and was stored at room temperature, protected from light.   

Wortmannin (Sigma, W1628, Oakville, ON) was received in powder form and 

dissolved to 23 micromolar (μM) in DMSO. 

2.3 In vitro experiments  

2.3.1 Cell viability assays-adherent cell cultures 

Cells were plated in 96-well plates.  Cell numbers for plating were determined by a 

Vi-CELL counter (Beckman-Coulter).  Depending on the growth rate of each cell line as 

determined in preliminary experiments, between 2000-5000 cells were plated in each 

well. Twenty-four hours later, GAP-107X8-TFA or GAP-107B8-L-TFA (PharmaGap 

Inc., Ottawa, ON) (1-25 μM) was added to the appropriate wells in the presence or 

absence of carboplatin (0-2 mM) and/or Wortmannin (0.1 μM).  After 48 hours exposure 

to the drugs, the cell numbers were determined using the CyQuant® fluorescent nucleic 

acid binding dye, which is a component of the Cyquant Cell Proliferation Assay Kit  
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Table 4. The different GAP-107B8 compounds used in different experiments   
 
Name Compound Name Diluent Experimental Methods 
GAP-107X8-L-TFA GAP-107B8.119 DMSO In vitro cell viability assays in adherent cultures 

GAP-107B8-L-TFA GAP-107B8-004 DMSO 
In vivo MTD and efficacy study of intra-peritoneal 
treatment of intra-peritoneal A2780cp tumours 

GAP-107B8-L-Ac 
 

GAP-107B8.106 
GAP-107B8.107 
GAP-107B8.108 

Water 
 

Efficacy study of intra-tumoural treatment of subcutaneous 
A2780cp tumours; efficacy study of intra-tumoural 
treatment of subcutaneous HEY tumours; TUNEL; BrdU 
flow cytometry; western blots; efficacy study of intra-
peritoneal treatment of intra-peritoneal A2780cp tumours;  
in vivo MTD and efficacy study of intra-peritoneal 
treatment of intra-peritoneal OCC1 tumours 

GAP-107B8-D- TFA 
GAP-107B8-D3-
001 DMSO In vitro cell viability assays in adherent cultures 

GAP-107B8-D- Ac GAP-107B8.301 Water 

In vitro cell viability assays in adherent and anchorage 
independent cultures; western blots; in vivo MTD and 
efficacy study of intra-peritoneal treatment of intra-
peritoneal OCC1 tumours 

MTD= maximum tolerated dose 
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(Invitrogen).  CyQuant® labeled cells were detected using the Fluoroskan Ascent FL  

(Thermo Fisher Scientific). The excitation and emission wavelengths were 485 and 527 

nanometers (nm), respectively.   

2.3.2 Cell viability assays-anchorage independent cell cultures 

Cell viability in anchorage independent cultures was assessed by growth in soft agar 

using the Cytoselect™ 96-well cell transformation assay (Cell Biolabs, San Diego, CA) 

following the manufacturer’s protocol.  Cells (10,000) were plated in soft agar with and 

without 6.25-25 μM GAP-107B8-L-TFA and in the presence or absence of carboplatin 

(1.8 μM).  The concentration of carboplatin was determined in preliminary experiments 

such that there would be 25% reduction in the cell viability of A2780s and OV2008 

sensitive cell lines.  Following 5-14 days of growth at 37°C, the agar was solubilized 

using Agar Solubilization Solution (Cell Biolabs, San Diego, CA) and the cell numbers 

quantitated by fluorimetry using the CyQuant® fluorescent nucleic acid binding dye, 

which is a component of the Cyquant Cell Proliferation Assay Kit (Invitrogen).  

CyQuant® labeled cells were detected using the Fluoroskan Ascent FL (Thermo Fisher 

Scientific).  The excitation and emission wavelengths were 485 and 527 nm, respectively.   

2.3.3 Cell motility assays 

Motility assays were performed using the CytoSelect™ 96-Well Cell Migration and 

Invasion Assay kit (Cell Biolabs, San Diego, CA).  All cell lines were first grown 

overnight in their respective media at 1% serum.  After 24 hours, cells with and without 

GAP-107B8-L-TFA (6.25-25 μM) were plated in 1% serum directly into Boyden 

chambers in a 96-well format.  The Boyden chambers were placed into wells containing 

media with 5% serum as a chemoattractant.  The ability of cells to migrate across the 
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Boyden membrane during a 24 hour period was measured by dissociating all cells from 

the underside of the membrane and quantitating cells using the CyQuant® fluorescent 

dye as directed by the CytoSelect™ 96-Well Cell Migration and Invasion Assay kit.      

2.3.4 Protein isolation and western blotting  

Cells were lysed using the ProteoJET™ Mammalian Cell Lysis Reagent (Fermentas).  

Cells were scraped off the plate and collected, while floating cells were collected in all 

instances except for the flow cytometry experiments.  Cells were transferred to a 

microfuge tube and vortexed and then placed on a shaker for 10 minutes at room 

temperature.  The cells were then centrifuged at 18,000×g for 15 minutes before the 

supernatant was transferred to a new microcentrifuge tube. The lysate was used 

immediately or stored at -80ºC.  Other Lysis Buffer ingredients include: 1 mM protease 

inhibitor cocktail (Sigma, #P8340), 1 mM PMSF, and 10X stop solution that was 

composed of: 0.1 molar (M) sodium pyrophosphate (Sigma, P8010), 0.1 M sodium 

fluoride (Sigma, S7920), 4 mM sodium orthovanadate (Sigma, S6508), and 25 mM 

sodium β-glycerophosphate (Sigma, G-6376).     

Protein quantification 

Five µL of sample and 95 µL of ddH2O were added into micro-centrifuge tubes. A 

blank containing 5 µL of lysis buffer and 95 µL of ddH2O was prepared in a separate 

micro-centrifuge tube.  900 µL of a 1:5 dilution of Quick Start Bradford 1x Dye Reagent 

(Bio-Rad Laboratories Ltd.) was added to each sample and blank.  The absorbance at 595 

nm was measured for each sample using a DU® 640 UV/Visible Spectrophotometer 

(Beckman Coulter Inc.). The absorbance value and protein concentration of each sample 

was provided by the instrument.   
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Running, transferring and visualizing 

For a 10 well gel, 30-40 µg of protein per sample was boiled for 5 minutes in 4X 

protein loading buffer and centrifuged for 1 minute at 14,000 rpm, before being separated 

on a 4-12% polyacrylamide gel (Invitrogen) in a vertical electrophoresis system and 

transferred to a nitrocellulose membrane (Hybond C Extra, Amersham, Oakville, 

Ontario).  Antibodies were prepared in 5% milk and added for 90 min at room 

temperature or overnight at 4°C.  The blot was washed three times in 1X tris buffered 

saline Tween-20 (TBST) in 5% milk before adding the secondary antibody for 90 min at 

room temperature or overnight at 4°C.  Three final washes with 1X TBST were 

performed before visualization of protein bands by the ECL Advance™ Western Blotting 

Detection Kit (Amersham) and image acquisition system (Alpha Innotech MultiImage™ 

II FC Light Cabinet). 

Densitometry was performed using the Band Analysis function in the Alpha Innotech 

AlphaView program. When the blots were to be re-probed with another primary 

antibody, they were first washed 3 times to remove the residual ECL components, then 

Restore™ Western Blot Stripping Buffer (Thermo Scientific) was applied for 10-15 

minutes. The membranes were then washed again at least 4 times within a 25 minute 

period in 1X TBST before applying the new primary antibody. 

2.3.5 Cell cycle progression  

Cell cycle analysis was performed using flow cytometry.  Cells (1x106) were plated 

for 48 hours prior to the addition of 5-bromo-2-deoxyuridine (30 μM BrdU, Sigma). 

Following 1 hour incubation with BrdU, cells were washed twice with PBS followed by 



 36

treatment with GAP-107B8.  Cells were collected at various time points (0-24 hr) and 

fixed in 70% ethanol and kept at -20°C for at least 30 minutes and up to a week.  To 

analyze the cells, they were treated with sequentially with the following solutions, 

centrifuging after the addition of each reagent: 0.5mg/mL RNase A solution, 0.1N HCl + 

0.7% Triton-X-100, PBS-T (0.5% Tween 20) and HBT Buffer (5% FBS, 0.5% Tween 

20).  Next, the primary (anti-BrdU, #33281, Pharmingen) and secondary antibodies (anti-

mouse FITC conjugate, F-6257, Sigma) were applied sequentially for at least 30 minutes, 

protected from light at dilutions of 1:100 and 1:20, respectively.  Finally, 400-600 

microliters (µL) propidium iodide (P4170, Sigma-Aldrich) was added to the cells and 

kept at 4°C for at least 30 minutes before subjecting them to flow cytometry. Analysis 

was by two-parameter flow cytometry for fluorescein isothiocyanate (FITC) and 

propidium iodide (PI) using a Coulter Epics Elite Flow Cytometer. Data presented 

represents 10,000 events which were subsequently gated to include only single cells.   

2.3.6 Apoptosis 

Apoptosis was directly assessed using two methods:  1) by the terminal transferase-

mediated dUTP-nucleotide-end labeling (TUNEL) assay using the Fluorescein In Situ 

Cell Death Detection Kit (Roche Diagnostics, Indianapolis, IN, USA), and 2) by western 

blot detection of PARP using the PARP antibody (Cell Signaling, #9542).      

1) TUNEL 

A2780cp cells (6x105) were plated on sterile coverslips in 6-well plates in DMEM + 5% 

FBS treated with 25 μM GAP-107B8-L-Ac or the equivalent amount of control (ddH2O) 

for 30 hours.  Cells adhered to coverslips were fixed in 4% paraformaldehyde for analysis 

by TUNEL according to the manufacturer’s protocol.  DAPI (4', 6-diamidino-2-
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phenylindole) staining was also performed, using the VECTASHIELD® mounting 

medium for Fluorescence with DAPI (Vector Laboratories Inc., Burlingame, CA).  Cells 

were visualized using fluorescence imaging with the Axioskop 2 MOT fluorescent 

microscope (Carl Zeiss Canada Ltd. Toronto, ON).   

2) PARP cleavage 

A2780cp cells were plated and allowed to grow in 100mm plates (BD Falcon™, 353003)  

until nearly confluent before being treated with 25 μM GAP-107B8.108 or the equivalent 

amount of vehicle (ddH2O) and collected after 1, 4, 8 and 30 hours and analysed by 

western blot.  Cells were lysed and 40 micrograms (µg) of total cell proteins of untreated 

and treated samples were resolved by SDS-PAGE, transferred to a nitrocellulose 

membrane; and probed with primary antibodies to PARP and GAPDH for 1 hour.  The 

secondary antibody used to detect PARP was donkey anti-rabbit horseradish peroxidase 

(HRP) (Jackson Immunoresearch Laboratories, Inc., 713-035-147, 1:2500-5000).  

GAPDH (Abcam, ab8245, 1:60 000) was used as a loading control.  The secondary 

antibody used to detect GAPDH was rabbit anti-mouse (Abcam, ab6728, 1:40,000).        

2.3.7 Identification of potential GAP-107B8-L-Ac targets in ovarian cancer cell 

lines  

A2780cp cells were treated with 6.25, 12.5 and 25μM GAP-107B8-L-Ac or vehicle 

control (ddH2O) equivalent to the highest concentration of GAP-107B8-L-Ac, and total 

cellular proteins were collected using lysis buffer at 1 hour post-treatment and analysed 

by western blot.  Western blots were probed with antibodies to pPKCι (Invitrogen, 

44968G, 1:1000), PKCι (BD Transduction Labs, 610176, 1:500), pAkt (Cell Signaling, 

#9271, 1:750), Akt (Cell Signaling, #9272, 1:500), and six antibodies from a pPKC 
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sampler kit (#9921; all from Cell Signaling), including pPKC(pan) (#9371, 1:1000), 

pPKCα/βII (#9375, 1:1000), pPKCδ (#9374, 1:1000), pPKCθ (#9377, 1:1000), pPKCμ 

(#2051, 1:1000), and pPKCζ/λ (#9378, 1:1000).  The secondary antibody used to detect 

the primary antibodies was donkey anti-rabbit HRP (Jackson Immunoresearch 

Laboratories, Inc., 713-035-147, 1:2500-5000).  A GAPDH antibody (Abcam, ab8245, 

1:60 000) was used as a loading control.  The secondary antibody used to detect GAPDH 

was rabbit anti-mouse (Abcam, ab6728, 1:40,000).      

2.4 In vivo experiments 

2.4.1 Determination of the maximum tolerated dose (MTD) of GAP-107B8 in 

severe combined immunodeficient mice (SCID) mice  

Female Fox Chase SCID mice (CB-17 SCID from Charles Rivers Laboratories, ages 6-

8 weeks) were divided into 5 or 6 groups with 2, 3 or 4 mice per group.  Injections were 

planned for each group of mice using twice daily IP injections for 7 days with the 

following doses of GAP-107B8:  5, 10, 20, 40, 80 and 160 mg/kg.   Each dose of GAP-

107B8 was prepared and diluted in PBS to a 500 μL volume.  In order to avoid unnecessary 

toxicity, the 7 day time course of injections was staggered such that the commencement 

of a higher dose group of mice would not begin until the previous dose of GAP-107B8 

was deemed to be tolerated for a minimum of 24 hours.  24 hours after the last treatment 

of each group, or earlier in the case of acute toxicity, the mice were euthanized and blood 

and tissues were removed.   
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2.4.2 Exploratory Efficacy Study of GAP-107B8 in a mouse model of human 

ovarian cancer 

All experiments involving animals were performed in accordance with the Guidelines 

for the Care and Use of Animals established by the Canadian Council on Animal Care, 

with protocols approved by the University of Ottawa Animal Care Committee.   

A Intra-peritoneal (IP) treatment 

These studies each used 8-18 female Fox Chase SCID mice (CB-17 SCID from 

Charles Rivers Laboratories, ages 6-8 weeks).  The mice were allowed to accommodate 

in the animal facility for five to seven days before injection of cancer cells.  1x107 

A2780cp or OCC1 human ovarian cells were resuspended in 1 (milliliter) mL of PBS and 

injected IP.  After 5-7 days to allow for the establishment of tumours, the mice were 

divided into two groups: a control group and GAP-107B8 treated group, and treatments 

were initiated.  Either 20mg/kg (GAP-107B8.108, GAP-107B8-L-Ac, GAP-107B8-D-

Ac) or 40mg/kg (GAP-107B8.107) was used, determined previously to be the MTD of 

each compound.   Treatment was given twice daily for up to 14 days continuous or 13 

days (5 days on and 2 days off).  During the dosing schedule, animals were monitored 

daily for disease progression using measures of wellness assessment and clinical 

endpoints including: 

1) complete anorexia for >24 hours 

2) Dehydration and/or weight loss (>15%) despite fluid therapy >24 hrs. 

3) Any evidence of respiratory distress 

4) Abnormal neurologic activity (seizures, inability to walk) 

5) Diarrhea that is graded as severe for >48 hours. 
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6) Body weight increase >5 g from the average body weight of control mice at the 

same age in the same population 

7) Presence of a palpable abdominal mass that impairs mobility or affects wellness 

(points 1-6). 

8) Presence of abdominal distension that impairs mobility or affects wellness (points 

1-6) or causes significant discoloration evident through the dorsal skin.   

B Intra-tumoural (IT) treatment 

SCID mice were injected subcutaneously on the flank with 106 HEY or A2780cp 

cells.  When the tumours reached 200 mm3, mice were divided into 2 groups based on 

weight, size of tumour and growth rate of the tumour, making an attempt to balance all 

factors between each group.  Mice in each group were treated IT daily either with 0 

(vehicle control), 20 mg/kg or 40 mg/kg GAP-107B8 in 50 µl volumes, once per day 

until tumours reached 2 cm3.  Tumour sizes were measured daily with calipers.  All mice 

in the study were euthanized when any mouse had tumours that reached 2 cm3. 

C Necropsy 

IP treatment 

At necropsy, peritoneal ascites fluid, when present was estimated by comparison to 

control tubes containing 0-2 mLs of water in 0.1 mL increments.  The extent of tumour 

dissemination was either qualitatively noted or quantified and all tumour tissues were 

excised and weighed.   
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2.5 Statistical Analyses 

Cell viability assays were performed on two or three independent experiments 

performed in duplicate or triplicate.  Only assays performed three independent times in 

triplicate were expressed as mean ± standard error of the mean (SEM).  Statistical 

analysis was performed only on assays with three independent experiments.  Statistical 

significance was determined using one-way analysis of variance  (ANOVA) in order to 

compare three or more treatments and a Bonferroni’s Multiple Comparison post-test to 

compare pairs of group means between selected groups.  Two-way ANOVA was used to 

determine if an interaction existed between the effects of two independent variables, 

GAP-107B8 and carboplatin, was significant between the three or more selected 

treatment groups.  Statistical significance was inferred when p<0.05.  GraphPad Prism 

statistical software (version 3.02; GraphPad Software, San Diego, CA) was used for all 

one-way and two-way ANOVA statistical analyses.     

For tolerability and efficacy studies in SCID mice, data are represented as means 

of independent tumour samples ± SEM, with the number of samples per group indicated 

in each figure caption.  An unpaired t-test was used to identify differences between one 

group and a control; in our experiments, vehicle treated mice were compared to GAP-

107B8 treated mice.  Parameters measured include the size of tumours, the average 

number and average weight of tumours, as well as the volume of ascites. 

Densitometry analysis comparing the pAkt/Akt ratio between control and GAP-

107B8 treated A2780cp cells was also determined by unpaired t-test.  Statistical 

significance was inferred when p<0.05.  GraphPad Prism statistical software (version 

3.02; GraphPad Software, San Diego, CA) was used for all t-test statistical analyses.          
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Chapter 3: RESULTS 

 

3.1 Assessing the effects of GAP-107X8-L-TFA and GAP-107B8-L-TFA on ovarian 

cancer cells in vitro and in vivo  

Note: The cells of adherent and anchorage independent cultures were measured using 

CyQuant® cell proliferation assays, a fluorometric indicator of cell numbers based on the 

fluorescence enhancement exhibited by the CyQuant dye upon binding to cellular nucleic 

acids.  These assays showed decreased cell numbers in treated cells compared to control 

cells.  The term “inhibition of cell viability” appears throughout the text based on results 

obtained to explain the decreases in cell number, although the assays themselves do not 

directly measure cell viability or cell number, but rather nucleic acid content.  This 

method does not distinguish whether fewer cells are due to a decrease in cell proliferation 

or cell viability.  Although the amount of cells plated is known, this number was not 

quantitated by fluorimetry and thus there is no baseline fluorimetry measurement of cell 

number.  With only the flow cytometry results suggesting transient inhibition of cell 

proliferation, the evidence for suppression of growth is incomplete.  However, much 

more evidence exists for apoptosis, including the TUNEL, PARP cleavage and flow 

cytometry results.  Therefore the “inhibition of cell viability” in the presentation of the 

results will be used, rather than “inhibition of cell proliferation.”   
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3.1.1 GAP-107X8-L-TFA effect on cell viability in adherent cultures in a panel of 

human ovarian cancer cell lines 

The effect of reduction of cell viability in a panel of human ovarian cancer cell lines 

following treatment with GAP-107X8-L-TFA was investigated in vitro.  The 9 cell lines 

are derived from various subtypes of ovarian cancer.  Only the C13 cell line showed 

significant inhibition of cell viability (p<0.05) when treated with 25 μM GAP-107X8-L-

TFA (Figure 4). 

 

3.1.2 GAP-107B8-L-TFA effect on cell viability in adherent cell cultures in a panel 

of human ovarian cancer cell lines 

A different formulation of GAP-107B8 containing a PTD, called GAP-107B8-L-

TFA, was used to assess the effects on cell viability in the same panel of human ovarian 

cancer cell lines in vitro.  Addition of the PTD sequence is presumed to increase 

membrane penetration into the cancer cells versus GAP-107X8-L-TFA.  It was found that 

6 of the 9 cell lines showed a significant inhibition of cell viability (p<0.05) when treated 

with 25 μM GAP-107B8 in the presence of 5% serum, including the chemoresistant cell 

lines A2780cp and C13 (Figure 5).  In addition, a seventh cell line, OVCAR3 showed 

significant reduction in cell viability when treated with 25 μM GAP-107B8-L-TFA in the 

presence of carboplatin (data not shown).  However, analysis by two-way ANOVA failed 

to indicate any interaction between the effects of GAP-107B8 and carboplatin. The 

percent reductions of viability in adherent cultures by 25 μM GAP-107B8-L-TFA are 

shown in Table 5 with 4 cell lines showing a greater than 50% reduction in viability over 

48 hours.   
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Figure 4.  Inhibition of cell viability of ovarian cancer cell lines in adherent cultures 

in the presence of GAP-107X8-L-TFA.  Cells were incubated with the indicated 

concentrations of GAP-107X8-L-TFA for 48 hours.  All data bars represent the means of 

three experiments performed in triplicate. Error bars show the standard error of the mean 

(SEM).  Bars indicated with an asterisk (*) are treated groups that are significantly 

different (p<0.05) from their respective untreated control cells.   
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Figure 5.  Inhibition of cell viability of 6 of 9 ovarian cancer cell lines in adherent 

cultures in the presence of GAP-107B8-L-TFA.  Cells were incubated with the 

indicated concentrations of GAP-107B8-L-TFA for 48 hours.  All data bars represent the 

means of three experiments performed in triplicate. Error bars show the standard error of 

the mean (SEM).  Bars indicated with an asterisk (*) are treated groups that are 

significantly different (p<0.05) from their respective untreated control cells.   
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Table 5. Percent reduction of cell viability and motility by 25 μM GAP-107B8-L-      

               TFA. 
 

  Cell viability 

  Adherent Agar 
Motility 

A2780cp 79% 94% 70% 

A2780s 71% 86% 74% 

C13 30% 91% 67% 

OV2008 40% 93% 54% 

HEY 75% 84% 50% 

SKOV3 40% 50% 17% 

OVCA429 66% 40% 24% 

ES2 37% 80% 35% 

OVCAR3 43% 4% - 
 

The percentage reduction was based on three independent experiments done in triplicate 

and statistically significant values (p<0.05) are highlighted.  
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3.1.3 GAP-107B8-L-TFA effect on cell viability in anchorage independent cell 

cultures in a panel of human ovarian cancer cell lines  

Another property of cancer cells is their ability to grow without adhering to a surface, 

avoiding anoikis, an apoptotic process that is triggered by inadequate cell-matrix contacts 

(Frisch and Screaton, 2001).  Therefore, the effects on cell viability in anchorage 

independent cultures on the same panel of human ovarian cancer cell lines following 

treatment with GAP-107B8-L-TFA were investigated in vitro.  Figure 6 shows the 

reduced cell viability of A2780cp, A2780s and HEY cells in soft agar treated with 6.25, 

12.5 and 25 μM GAP-107B8-L-TFA.  The 3 cell lines tested showed significant 

reduction of cell viability at all drug concentrations tested. The remaining cell lines 

required 14 days of culture to achieve measurable growth and were treated only with 25 

μM GAP-107B8-L-TFA. The data on these remaining cell lines is summarized in Figure 

7. Summarizing this data, 7 of the 9 cell lines showed a significant inhibition of cell 

viability (p<0.05) ranging from 50% to 93% when treated with 25 μM GAP-107B8-L-

TFA based on one-way ANOVA with all 7 cell lines showing a reduction of cell viability 

equal to or greater than 50% (Table 5). Analysis by two-way ANOVA failed to indicate 

any interaction between GAP-107B8-L-TFA and carboplatin (data not shown).  

 

3.1.4 GAP-107B8-L-TFA effect on cell motility 

GAP-107B8-L-TFA caused a significant reduction in motility (p<0.05) ranging from 

50% to 74% was observed in 5 of 9 ovarian cancer cell lines (Figure 8, Table 5).  

However, this reduction in motility of cells treated at 25μM could not be interpreted due  
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Figure 6.  Inhibition of cell viability of A2780cp, A2780s or HEY cells ovarian 

cancer cell lines in anchorage independent cultures in the presence of GAP-107B8-

L-TFA.  Cells numbers were measured following 5 (A2780cp and A2780s) or 7 (HEY) 

days of growth in soft agar in the presence of the indicated concentrations of GAP-

107B8-L-TFA.  All data bars represent the means of three experiments performed in 

triplicate. Error bars show the standard error of the mean (SEM).  Bars indicated with an 

asterisk (*) are treated groups that are significantly different (p<0.05) from their 

respective untreated control cells.   
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Figure 7. Inhibition of cell viability of 7 of 9 ovarian cancer cell lines in anchorage 

independent cultures in the presence of GAP-107B8-L-TFA.  Cell numbers were 

determined following 5 (A2780cp, A2780s), 7 (HEY) or 14 (C13, OV2008, SKOV3, 

OVCA 429, ES2, OVCAR 3) days of growth in soft agar in the presence or absence of 25 

µM GAP-107B8-L-TFA.  All data bars represent the means of three experiments 

performed in triplicate. Error bars show the standard error of the mean (SEM).  Bars 

indicated with an asterisk (*) are treated groups that are significantly different (p<0.05) 

from their respective untreated control cells.  
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Figure 8. Inhibition of cell motility of 5 of 8 ovarian cancer cell lines in the presence of 

GAP-107B8-L-TFA.  Cells were incubated with the indicated concentrations of GAP-107B8-

L-TFA during for 24 hour.  All data bars represent the mean of three experiments performed in 

triplicate.  Error bars show the standard error of the mean (SEM).  Bars indicated with an 

asterisk (*) are treated groups that are significantly different (p<0.05) from their respective 

untreated control cells. 
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to the loss of cell viability at that same concentration of GAP-107B8.  Furthermore, doses 

at which cell viability was not affected did not impact cell motility.      

 

3.1.5 Determining the MTD of treatment of intraperitoneal xenograft tumours 

with GAP-107B8-L-TFA   

The MTD of GAP-107B8-L-TFA delivered IP to SCID mice needed to be determined 

prior to assessing the effect of GAP-107B8-L-TFA on tumour burden in xenograft 

models of ovarian cancer.  Table 6 describes the behavior and health of the mice during 

the course of the study.  The lethal dose of GAP-107B8-L-TFA was found to be 160 

mg/kg. The highest dose of GAP-107B8-L-TFA administered that did not require 

premature euthanization was 40 mg/kg.  However, successive injections with this 

concentration of GAP-107B8-L-TFA did result in increasing toxicity with each 

successive dose. Consequently, while 40mg/kg, may be tolerated for short-term studies, it 

was determined that the increased toxicity with each administration might limit longer-

term administration of GAP-107B8-L-TFA in a xenograft model.   For this reason, the 

twice daily IP injections of 20 mg/kg was determined to be the MTD of GAP-107B8-L-

TFA for future xenograft studies in SCID mice.   

 

3.1.6 Treatment of intraperitoneal xenograft tumours with GAP-107B8-L-TFA   

Using the MTD as a guideline for treatment, the ability of GAP-107B8-L-TFA to 

inhibit cancer cell viability in vivo and reduce tumour burden was investigated.  Eight 

mice were injected with 1x107 A2780cp cells.  After 7 days to allow for the establishment 

of tumours, the mice were separated into 2 groups of 4 and each mouse was injected  
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Table 6. Health status of SCID mice in each group during the course of the GAP-107B8-  

    L-TFA maximum tolerated dose study.       

 
 

 Group (Dose) Status  

Group1 (5mg/kg) Well hydrated throughout study, normal behavior, no hunching 

Group2 (10mg/kg) Well hydrated throughout study, normal behavior, no hunching 

Group3 (20mg/kg) 

Seemed to behave normally throughout the study, one mouse lost 
quite a bit of weight, but still appeared quite active and otherwise 
normal.  Both mice exhibited at times a slight hunch and erect 
pilus, still relatively well hydrated 

Group4 (40mg/kg) 

Beginning on Day 1 of injections for Group 4, mice did not appear 
to feel well after each injection, crowding water bottle and hunched 
over but would return to normal behavior after 30 minutes to an 
hour.  However, they took progressively longer to bounce back as 
days went on. 

Group5 (80mg/kg) 

Exhibited hunched posture, similar to Group 4 but was visibly 
sluggish on Day 1 of injections for group 5.  On Day 2 of injections 
for Group 5, hair became erect-a sign of poor hydration, and still 
sluggish.  Survived two days of injections, but were euthanized 
after completing injections on Day 2  

Group6 (160mg/kg) 
Did not survive first injection, pronounced dead before the 
afternoon injection 

 
Mice were injected twice daily IP for 7 days.  To avoid unessecssary toxicity, the 7 day 

time course of injections was staggered to allow higher doses to be administered only 

after the animals treated at the lower dose were shown to tolerate their treatment.  
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twice daily IP with a dose of GAP-107B8-L-TFA for 14 days.  Mice in the GAP-107B8-

L-TFA treated group, but not the control group, exhibited a hunched posture with 

squinting of the eyes immediately after the initial injection of GAP-107B8.  As the 

dosing schedule progressed, mice in the GAP-107B8-L-TFA treated group seemed to 

display successively less of an adverse reaction to GAP-107B8-L-TFA.  Towards the end 

of treatment, the control mice appeared to exhibit more signs of severe disease, including 

being visibly sluggish with evidence of respiratory distress in addition to visible 

abdominal distension and palpable tumours.   

In agreement with this observation, the control mice reached a loss of wellness 

endpoint first, which resulted in early termination of the experiment.  Large visible and 

palpable tumours were present in mice from the GAP-107B8-L-TFA treated group as 

well, although it affected their mobility and well being less than the mice in the control 

group near the end of the study.  Consequently, all mice were euthanized at the same time 

after 14 days of GAP-107B8-L-TFA injections in order to permit a comparison of tumour 

burden in both groups of mice at the same time point.   

Figure 9 shows the mean tumour burden of SCID mice xenografted with A2780cp 

cells in the treated and control arms of the experiment.  One control mouse failed to 

develop IP tumours and was removed from the analysis.  Interestingly, qualitative 

observations revealed that control mice had smaller and more numerous nodules attached 

to many different organs, while the GAP-107B8-L-TFA treated mice had fewer but 

larger, more solid nodules.  Nevertheless, the mean tumour burden of animals from both 

groups was not statistically different (p>0.05) from each other.   
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Figure 9.  Mean tumour burden of SCID mice xenografted with A2780cp cells. Mice 

were injected IP with 1 mL of PBS buffer containing 107 A2780cp human ovarian cancer 

cells.  After 7 days to allow tumour initiation, the 8 mice were divided into control (n=4) 

and treatment (n=4) groups.  One control mouse failed to develop IP tumours and was 

removed from the analysis.  Error bars show the standard error of the mean (SEM).   
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Two issues that needed to be addressed as a result of this study were the contributing 

toxicity of DMSO and the efficacy of the IP route of delivery.  The following chapter 

aimed to address these concerns.         

 

3.2 Assessing the effect of GAP-107B8-L-Ac on ovarian cancer cells in vitro and in 

vivo 

From the previous chapter, questions regarding confounding toxicity parameters were 

raised with the GAP-107B8-L-TFA compound used in the IP studies.  The peptide GAP-

107B8-L-TFA had a trifluoroacetate counter ion, which required it to be dissolved in 

DMSO.  Although injection of DMSO into control animals was not found to induce 

toxicity, DMSO toxicity has been documented and its presence was considered a 

confounding factor in our experiments due to the possible combined toxicity of GAP-

107B8-L-TFA and DMSO. Therefore, we repeated the experiment using GAP-107B8-L-

Ac, which possesses an acetate counter ion and allows it to be dissolved in water, 

eliminating any confounding toxicity parameters. 

 

3.2.1 GAP-107B8-L-Ac effect on cell viability in adherent and anchorage 

independent cell cultures in A2780cp human ovarian cancer cell line 

The effect of cell viability of A2780cp cells adherent and anchorage independent 

cultures in the new formulation GAP-107B8-L-Ac in was determined As shown in 

Figure 10A, cell viability in adherent cultures was significantly inhibited in A2780cp 

cells treated with 25 μM GAP-107B8-L-Ac as determined by one-way ANOVA  

 
 



 56

 
A 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Inhibition of cell viability of A2780cp cells in adherent (A) and 

anchorage independent (B) cultures in the presence of GAP-107B8-L-Ac. A A2780cp 

cells were incubated with the indicated concentrations of GAP-107B8-L-Ac for 48 hours. 

B A2780cp cells were incubated with the indicated concentrations of GAP-107B8-L-Ac 

for 5 days.  All data bars represent the means of three experiments performed in triplicate 

with values normalized to yield a mean control value equal to 100. Error bars show the 

standard error of the mean (SEM). Means with different letters indicate statistical 

differences (Bonferroni, p<0.05).  
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(p<0.05).  In anchorage independent conditions, cell viability was significantly inhibited 

at both doses of GAP-107B8-L-Ac (p<0.05) (Figure 10B).      

 

3.2.2 Treatment of intraperitoneal xenograft tumours with GAP-107B8-L-Ac 

Twelve SCID mice were injected with 1x107 A2780cp cells.  After 7 days to allow 

for the establishment of tumours, the mice were separated into 4 groups of 2 and each 

mouse was injected twice daily IP with a dose of GAP-107B8-L-TFA for 14 days. 

Throughout the duration of the experiment, mice in the GAP-107B8-L-Ac treated group 

did not exhibit signs of toxicity immediately after injection of GAP-107B8-L-Ac. This is 

in contrast to the initial IP efficacy study where mice in the treatment group exhibited a 

hunched posture with squinting of the eyes immediately after the first and subsequent 

injections.  Since both groups in that study received injections containing DMSO, the 

toxicity seen in the treated animals may be related to the combination of GAP-107B8-L-

TFA and DMSO. 

Most of the treated animals and some of the control animals reached a loss of 

wellness endpoint on Day 12 post-treatment of the study due to high tumour burden. 

During the final 2 days of treatment, the loss of wellness presented as impairment of 

movement due to increased tumour burden.  Consequently, all mice were euthanized at 

the same time, on Day 12, in order to permit a comparison of tumour burden in both 

groups. Figure 11A shows once again there is no significant difference in mean total 

tumour burden between the control and treatment groups.  One control mouse failed to 

develop IP tumours and was removed from the analysis.   
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Figure 11.  IP treatment of A2780cp IP tumours.  Mice harboring A2780cp IP tumours 

were treated with GAP-107B8-L-Ac twice daily IP for 12 days.  A) Mean tumour burden 

expressed as mean total tumour weight from control (n=5) and GAP-107B8-L-Ac treated mice 

(n=6).  B) Total tumour weight divided by the number of tumours was used to calculate 

average weight of each tumour per mouse.  C) Number of tumours was counted manually.  

Mean weight of the individual tumours and the mean number of tumours were determined 

from control (n=3) and GAP-107B8-L-Ac treated (n=4) animals.  Bars indicated with an 

asterisk (*) are treated groups that are significantly different (p<0.05) from controls.  Error 

bars show the standard error of the mean (SEM).   

*

*
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Interestingly, similar to the initial efficacy study, mice in the GAP-107B8-L-Ac 

treated arm of the study appeared to have larger and fewer tumours compared to control 

mice.  Quantification of the tumours revealed that the mean weight of the individual 

tumours in treated animals was significantly larger than the control animals (p<0.05) 

(Figure 11B). In addition, Figure 11C shows there is a significantly greater mean 

number of tumours per mouse in the control animals compared to the treated animals 

(p<0.05). 

 

3.2.3 Treatment of subcutaneous xenograft tumours with GAP-107B8-L-Ac 

Since it was determined that GAP-107B8-L-Ac was not able to reduce mean tumour 

burden in vivo in an IP xenograft model, the objective of this study was to determine 

whether GAP-107B8-L-Ac is able to reduce ovarian tumour burden in vivo following 

intratumoural (IT) injection into a subcutaneous tumour.  This route of delivery would 

allow the drug to have a direct opportunity to target the cancer cells and with a higher 

local bioavailability.  A second cell line, HEY, was included in the study to rule out cell 

line specific effects.   

A2780cp IT xenograft 

Fifteen mice were injected subcutaneously on the flank with 106 A2780cp cells.  

When the tumours reached 200 (millimeter) mm3, mice were divided into 2 groups based 

on weight, size of tumour and growth rate of the tumour.  Mice in each group were 

treated daily IT either with 0 (vehicle control) or 20 mg/kg GAP-107B8-L-Ac in 50 µl 

volumes, once per day until tumours reached 2 cm3.  All mice that developed tumours 

were euthanized after 11 days of treatment with GAP-107B8-L-Ac when it was 
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determined that the size of the tumour in the control animals exceeded the planned 

endpoint targets.  Figure 12A shows the tumour sizes of the control and GAP-107B8-L-

Ac treated mice at various days post-treatment.  To permit a comparison of tumour 

burden in both groups of mice at the same time point, tumour burden in each animal at 

Day 10 after initiation of treatment was used (Figure 12B).  A significant (45%) 

reduction in average tumour size was observed between mice in the control group and 

mice treated with GAP-107B8-L-Ac by unpaired t-test (p<0.01).  The mean tumour size 

of the control group was 4412 ± 617.1 mm3 (mean ± SEM),  while the mean tumour size 

of the treatment group was 2407 ± 250.6 mm3. 

HEY IT xenograft 

Six mice were injected subcutaneously on the flank with 106 HEY cells.  When the 

tumours reached 200 mm3, mice were divided into 2 equivalent groups based on weight, 

size of tumour and growth rate of the tumour.  Mice in each group were treated daily 

either with 0 (vehicle control) or 40 mg/kg GAP-107B8-L-Ac IT in 50 µl volumes, once 

per day until tumours reached 2 cm3.  All mice were euthanized at day 7 post-treatment 

due to the formation of lesions in the skin of the tumour in the GAP-107B8-L-Ac treated 

animals.  Figure 13A shows the tumour sizes of the control and GAP-107B8-L-Ac 

treated mice at various days post-treatment.  To permit a comparison of tumour burden in 

both groups of mice at the same time point, tumour burden in each animal at day 7 post-

treatment was used (Figure 13B).  A significant (75%) reduction in average tumour size 

was observed between mice in the control group and mice treated with GAP-107B8-L-Ac 

by unpaired t-test (p<0.001).  The mean tumour size of the control group  
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Figure 12.  Intra-tumoural treatment of A2780cp subcutaneous tumours with GAP-107B8-

L-Ac for 11 days.  Fifteen SCID mice were injected subcutaneously on the flank with 106 

A2780cp cells.  When the tumours reached 200 mm3, mice were divided into 2 groups and treated 

daily either with 0 (vehicle control) or 20 mg/kg GAP-107B8-L-Ac intra-tumourally in 50 µl 

volumes, once per day for 11 days.  Tumour sizes were measured daily with calipers. A Daily 

tumour sizes are shown for the control (red) and GAP-107B8-L-Ac treated (blue) mice.  The 

dashed line signifies that the last measurement was made  during autopsy (Aut). B Tumour size 

comparison between control (n=5) and GAP-107B8-L-Ac (n=6) treated animals at Day 10 of the 

treatment schedule. 
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Figure 13.  Intra-tumoural treatment of HEY subcutaneous tumours with GAP-

107B8-L-Ac for 7 days.  Six SCID mice were injected subcutaneously on the flank with 

106 HEY cells.  When the tumours reached 200 mm3, mice were divided into 2 groups 

and treated daily either with 0 (vehicle control) or 40 mg/kg GAP-107B8-L-Ac intra-

tumourally in 50 µl volumes, once per day for 7 days.  Tumour sizes were measured daily 

with calipers. A Daily tumour sizes are shown for the control (red) and GAP-107B8-L-

Ac treated (blue) mice.  B Tumour size comparison between control (n=3) and GAP-

107B8-L-Ac (n=3) treated animals at Day 7 of the treatment schedule. 
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was 971.1 ± 60.55 mm3, while the mean tumour size of the treatment group was 243.5 ± 

70.27 mm3. 

 

3.3 Determining the mechanism of action of GAP-107B8-L-Ac 

 

3.3.1  Effects of GAP-107B8-L-Ac on apoptosis in A2780cp human ovarian 

cancer cells  

Apoptosis was directly assessed using two methods: by the TUNEL assay and by 

detection of cleaved PARP. A2780cp cells treated with 25µM GAP-107B8-L-Ac for 30 

hours showed increased numbers of apoptotic cells as determined by the observation of 

increased numbers of treated cells having condensed nuclei by DAPI staining and being 

TUNEL positive compared to untreated samples (Figure 14).  

PARP is involved in the DNA base-excision-repair system and can be cleaved by 

various caspases (Satoh and Lindahl, 1992; Lazebnik et al., 1994; Cohen, 1997).  

Therefore, PARP helps to maintain the viability of cells and its cleavage is a marker for 

apoptosis.  GAP-107B8-L-Ac treated A2780cp cells showed a decrease in PARP and an 

increase in cleaved PARP over a period of 30 hours (Figure 15).  These results confirm 

the induction of apoptosis in A2780cp cells treated with GAP-107B8-L-Ac.  
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Figure 14. TUNEL and DAPI staining of GAP-107B8-L-Ac treated A2780cp cells. 

A2780cp cells were collected after 30 hours treatment with ddH2O or 25 µM GAP-

107B8-L-Ac.  Data are representative of three independent experiments. The white scale 

bar indicates 100µm.  
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Figure 15. Western blot analysis of PARP and cleaved PARP in A2780cp cells 

treated with GAP-107B8-L-Ac. A2780cp cells were treated with GAP-107B8-L-Ac and 

collected at the indicated times and analysed by western blot.  Cells were lysed and 40µg 

of total cell extracts of untreated and treated samples were resolved by SDS-PAGE, 

transferred to nitrocellulose membrane and probed with an antibody to PARP, cleaved 

PARP and GAPDH.  GAPDH was used as a loading control.  Data are representative of 

three independent experiments. 
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3.3.2 GAP-107B8-L-Ac effects on the cell cycle progression in A2780cp cells  

In addition to inducing active apoptosis, it was possible that GAP-107B8-L-Ac is 

inhibiting the growth of cells through other mechanisms.  Therefore, it was investigated 

whether GAP-107B8-L-Ac caused the inhibition of growth of A2780cp cells through the 

induction of cell cycle arrest, apoptosis, or a combination of both processes.  Cells were 

labeled with BrdU, treated with GAP-107B8 or vehicle, and collected at various time points.  

Cells were then analyzed by flow cytometry to determine the impact of the drug on steady 

state levels of apoptotic cells, cells residing in G1/G0, S phase cells or cells in G2/M.   As 

shown in Figure 16, treatment with GAP-107B8-L-Ac increases the proportion of sub-G1 

(apoptotic) cells by 4 hours and delays the proportion of cells progressing through the G2/M 

stage of the cell cycle at the 8 hour time point.  The delay in progression of the cell cycle is 

transient as indicated by the 14 hour time point, where both the untreated and treated cells have 

returned to the G1 phase of the cell cycle.  This data suggests that GAP-107B8-L-Ac may be 

unstable in culture media in prolonged experiments or indicate the presence of a resistant 

population of cells to GAP-107B8-L-Ac. 

 

3.3.3 GAP-107B8-L-Ac effects on the activity of PKCs in A2780cp cells 

Given the literature on the role of PKCι in ovarian cancer cells and the initial design 

of GAP-107B8-L-Ac as a PKC inhibitor, it was anticipated that GAP-107B8 would have 

an impact on the phosphorylation status of PKCι, and perhaps other PKCs also.  

However, western blot analysis did not reveal any difference in either the abundance of 

PKCι or its phosphorylation status (threonine 555) between untreated and treated cells  
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Figure 16. Flow cytometry analysis of A2780cp cells treated with GAP-107B8-L-Ac. Cells 

were labeled with BrdU (green) for 1 hour prior to GAP-107B8-L-Ac treatment. Red indicates 

the total cells present.  Cells were either untreated (control) or treated with 25 µM GAP-

107B8-L-Ac and collected at 1 (A, B), 4 (C, D), 8 (E, F) or 14 hours (G, H) after treatment.  

Data are representative of three independent experiments.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 69

(Figure 17A), suggesting that GAP-107B8 does not inhibit the baseline level of PKCι 

activity in A2780cp cells, at least after one hour.   

Subsequent experiments explored the possibility that other isoforms of PKC may be 

targets of GAP-107B8-L-Ac.  As shown in Figure 17B, there is no apparent inhibition in 

the phosphorylation status of any PKC investigated, as detected using antibodies against 

the phosphorylated forms of pan-PKC (Ser 660), PKCα/βII (Ser 744/748), PKCδ (Thr 

505), PKCμ (Ser 916), and PKCζ/λ (Thr 410/403).  There were no bands detected when 

probing for pPKCθ.     

 

3.3.4 GAP-107B8-L-Ac effects on the phosphorylation of Akt at Ser 473 in 

A2780cp cells 

Akt is a central signaling molecule that plays a critical role in the survival of ovarian 

cancer cells.  While not predicted to be a direct target of GAP-107B8, it was of interest to 

see whether impingement of this signaling pathway might be implicated in GAP-107B8-

L-Ac induced apoptosis. As seen in Figure 18A, GAP-107B8-L-Ac treated A2780cp 

cells showed a dramatic decrease in phosphorylation of Akt at Ser473 at all three 

concentrations tested (6.25, 12.5 and 25 µM).  There was no dose-response effect for the 

range of concentrations tested.  Densitometry analysis of three independent western blots 

showed a significant 62%, 58% and 58% decrease in the ratio of pAkt/Akt in A2780cp 

cells treated with 6.25, 12.5 and 25 µM GAP-107B8, respectively (Figure 18B; 

*p<0.001).  The suppression of Ser473 phosphorylation of Akt was sustained over 30 

hours when A2780cp cells were treated with 25 µM GAP-107B8-L-Ac (Figure 19).    
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Figure 17.  GAP-107B8-L-Ac effect on various PKC isoforms in A2780cp cells.  

A2780cp cells were treated with the indicated concentrations of GAP-107B8 for 1 hour.  

Cells were lysed and 40 µg of total protein of untreated and treated cells were resolved by 

SDS-PAGE, transferred to nitrocellulose membrane, and probed with antibodies to 

pPKCι and PKCι (A) and p-panPKC, pPKCα/βII, pPKCδ, pPKCθ, pPKCμ, pPKCζ/λ 

(B).  GAPDH was used as a loading control.  The data is representative of two 

independent experiments.          
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Figure 18.  A2780cp cells were treated with the indicated concentrations of GAP-

107B8-L-Ac for 1 hour.  Cells were lysed and 40 µg of total cell proteins of untreated 

and treated cells were resolved by SDS-PAGE, transferred to nitrocellulose membrane, 

and probed with antibodies to pAkt, Akt and GAPDH (A).  GAPDH was used as a 

loading control.  Band intensities were quantified by densitometry analysis of blots from 

three independent experiments, and values for the pAkt/Akt mean ratio +/- SEM are 

shown relative to control A2780cp cells, which were assigned an intensity ratio of 1.0 

(B).  Asterisks (*) indicate statistical significance (p<0.001) between the treated samples 

and the untreated control.   
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Figure 19. Time course of GAP-107B8-L-Ac treated A2780cp cells.  A2780cp cells were 

treated with GAP-107B8-L-Ac and collected at the indicated times and analysed by Western 

blot.  Cells were lysed and 40 µg of total cell extracts of untreated and treated samples were 

resolved by SDS-PAGE, transferred to nitrocellulose membrane and probed with an antibody 

to pAKT.  GAPDH was used as a loading control.  The blot is representative of three 

independent experiments, except the 30 hour time point, which has been performed twice.   
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Although treatment of A2780cp cells with the lower dose of 6.25 µM GAP-107B8-L-

Ac led to loss of phosphorylation of Akt at Ser473 one hour after treatment (Figure 18), 

this response was transient as partial inhibition was seen at 4 hours and no inhibition was 

evident at 8 hours (Figure 20). 

 

3.4. Comparative effects of GAP-107B8-L-Ac and GAP-107B8-D-Ac  

Previously, GAP-107B8-L-TFA and GAP-107B8-L-Ac were shown to effectively 

inhibit the cell viability of a variety of ovarian cancer cell lines in both adherent and 

anchorage independent cultures (Figure 5-8, 10).  More recently, PharmaGap Inc. 

developed a D-isomer analogue of the GAP-107B8, a compound that bears the name 

GAP-107B8-D-Ac.  It was of interest to compare the efficacy in this compound in similar 

assays using several of our ovarian cancer cell lines. 

 

3.4.1 GAP-107B8-L-Ac and GAP-107B8-D-Ac effect on cell viability in adherent 

cell cultures 

The reduction in cell viability in adherent cultures of the A2780cp, OCC1 and 

OVCAR8 ovarian cancer cell lines following treatment with GAP-107B8-L-Ac or GAP-

107B8-D-Ac are summarized in Figure 21 A, B, and C, respectively.  The inhibition of 

cell viability in adherent cultures was significant in two of three cell lines treated with 25 

μM GAP-107B8-L-Ac by one-way ANOVA (p<0.05).  In addition, all three cell lines 

showed significant inhibition of cell viability at 12.5 μM, and for two of the three cell 

lines, at 6.25 μM when treated with GAP-107B8-D-Ac by one-way ANOVA (p<0.05).  

The mean percent reductions of cell viability by GAP-107B8-L-Ac and GAP-107B8-D- 
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Figure 20. Western Blot analysis of pAkt status in A2780cp cells after 4 and 8 hours 

treatment with GAP-107B8-L-Ac.  A2780cp cells were treated with GAP-107B8-L-Ac 

and collected at the indicated times and analysed by Western blot.  Cells were lysed and 

40µg of total cell extracts of untreated and treated samples were resolved by SDS-PAGE, 

transferred to nitrocellulose membrane and probed with an antibody to pAkt and 

GAPDH.  GAPDH was used as a loading control.  Data is from one experiment. 
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Figure 21.  Inhibition of cell viability of A2780cp, OCC1 and OVCAR8 cells in adherent 

cultures in the presence of GAP-107B8-L-Ac and GAP-107B8-D-Ac. A2780cp cells (A), 

OCC1 cells (B) and OVCAR8 cells (C) were incubated with the indicated concentrations of 

GAP-107B8-L-Ac or GAP-107B8-D-Ac for 48 hours. All data bars represent the means of three 

experiments performed in triplicate with values normalized to yield a mean control value equal to 

100. Error bars show the standard error of the mean (SEM). Means with different letters indicate 

statistical differences (Bonferroni, p<0.05).  Note: GAP-107B8-D-TFA was used only in treating 

OCC1 cells grown in adherent cultures. 
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Ac are shown in Table 7 with all three cell lines showing a greater than 85% reduction 

over 48 hours when treated with the GAP-107B8-D-Ac.   

 

3.4.2 GAP-107B8-L-Ac and GAP-107B8-D-Ac effect on cell viability in anchorage 

independent cell cultures 

 Reductions in growth of three ovarian cancer cell lines in soft agar following 

treatment with GAP-107B8-D-Ac and GAP-107B8-L-Ac are summarized in Figure 22.  

Figure 22A shows the inhibition of cell viability of A2780cp cells after 5 days in soft 

agar treated with 6.25 and 12.5 μM GAP-107B8-D-Ac and 12.5 and 25 μM GAP-107B8-

L-Ac.  Figures 22B and 22C show the effects on cell viability in soft agar of OCC1 and 

OVCAR8 cells, respectively, after 10 days of culture treated with 12.5 and 25 μM of both 

GAP-107B8-D-Ac and GAP-107B8-L-Ac.   

 The inhibition of cell viability in anchorage independent cultures was significant only 

in the OVCAR8 and OCC1 cells when they were treated with the higher dose (25 μM) of 

GAP-107B8-L-Ac, whereas A2780cp cells were strongly inhibited at both doses 

(p<0.05).  Treatment with GAP-107B8-D-Ac caused a significant inhibition of cell 

viability of all three cell lines and at all concentrations used (p<0.05).  The mean percent 

reductions in cell numbers are summarized in Table 7.  All comparisons were performed 

using one-way ANOVA.     
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Table 7. Percent reduction of cell viability of cells treated with GAP-  

           107B8-L-Ac or GAP-107B8-D-Ac 

 

 
 
 
 
 
 
 
 
 
The mean percentage reduction shown is based on three independent 

experiments done in triplicate.  Statistically significant values (p<0.05) are 

highlighted.  The concentration used for all (yellow) highlighted values was 25 

µM and for (green) highlighted values was 12.5 µM.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GAP-107B8-L-
Ac 

GAP-107B8-D-
Ac 

Cell Viability Cell Viability 
  Adherent  Agar Adherent  Agar 
A2780cp 61% 75% 95% 82% 
OCC1 52% 26% 86% 95% 
OVCAR8 33 80% 91% 93% 
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Figure 22.  Inhibition of cell viability of A2780cp, OCC1 and OVCAR8 cells in anchorage 

independent cultures in the presence of GAP-107B8-L-Ac and GAP-107B8-D-Ac A2780cp 

cells (A), OCC1 cells (B) and OVCAR8 cells (C) were incubated with the indicated 

concentrations of GAP-107B8-L-Ac or GAP-107B8-D-Ac for 5 days (A: A2780cp cells) or 10 

days (B: OCC1 cells, and C:  OVCAR8 cells).  All data bars represent the means of three 

experiments performed in triplicate with values normalized to yield a mean control value equal to 

100. Error bars show the standard error of the mean (SEM). Means with different letters indicate 

statistical differences (Bonferroni, p<0.05). 
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3.4.3 Comparing treatment of A2780cp cells with GAP-107B8-L-Ac, GAP-107B8-

D-Ac  or Wortmannin 

Wortmannin is a PI3K inhibitor and comparing treatment of both GAP-107B8-L-Ac 

or GAP-107B8-D-Ac with Wortmannin may help to determine whether either GAP-

107B8 isomer is acting on targets other than Akt.  Figure 23A showed the minimal dose 

of GAP-107B8-L-Ac causing downregulation of pAkt is 1µM and so this dose was used 

to assess the effects on cell viability.  As seen in Figure 23B, pAkt is downregulated by 

both GAP-107B8-L-Ac and GAP-107B8-D-Ac isomer, as well as by Wortmannin. 

However, as seen in Figure 24, no impact on cell viability was observed in either 

condition and the combination therapy of carboplatin and GAP-107B8-L-Ac, 

Wortmannin, and GAP-107B8-D-Ac did not result in synergistic cell killing.     

 

3.4.4 Determining the MTD of treatment of intraperitoneal xenograft tumours 

with GAP-107B8-L-Ac and GAP-107B8-D-Ac  

Based on the above in vitro results (Figures 21 and 22), GAP-107B8–D-Ac was 

shown to be more potent than GAP-107B8-L-Ac (L-Isomer) in the ce ll lines tested.  

Previous experiments determined the MTD of GAP-107B8-L-TFA (Figure 6) to be 20 

mg/kg, with 160 mg/kg being a lethal dose.  However, in those experiments, the peptide 

was dissolved in DMSO and it was noted that DMSO could be a confounding factor in 

assessing the toxicity of the drug.  Therefore, this experiment was repeated to determine 

the MTD of GAP-107B8-L-Ac and GAP-107B8-D-Ac in SCID mice.  As described in 

Table 8, mice in the 80mg/kg GAP-107B8-L-Ac group exhibited signs of pain and loss of 

wellness after the first day of administration of that dose.  One mouse did not survive the  
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Figure 23. Western blot analysis of pAkt status in A2780cp cells after treatment with 

decreasing concentrations of GAP-107B8-L-Ac (A) or with GAP-107B8-L-Ac, Wortmannin, 

or GAP-107B8-D-Ac (B). A) Western blot analysis of pAkt status in A2780cp cells after 1hr 

after treatment with GAP-107B8-L-Ac.  Cells were lysed and 40µg of total cell extracts of 

untreated and treated samples were resolved by SDS-PAGE, transferred to nitrocellulose 

membrane and probed with an antibody to pAkt and GAPDH.  GAPDH was used as a loading 

control.  Data is from one experiment. B) Western blot analysis of pAkt status in A2780cp cells 

was performed after treatment with GAP-107B8-L-Ac, Wortmannin, or GAP-107B8-D-Ac for 90 

minutes. Cells were lysed and 30µg of total cell extracts of untreated and treated samples were 

resolved by SDS-PAGE, transferred to nitrocellulose membrane and probed with an antibody to 

pAkt and GAPDH.  GAPDH was used as a loading control.  Data is representative of two 

independent experiments for each condition except treatment with 1µM GAP-107B8-D-Ac, 

which was performed once. 
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Figure 24. A2780cp cells were treated with either GAP-107B8-L-Ac, GAP-107B8-D-Ac or 

Wortmannin in the presence of an increasing dose of carboplatin.  Cells were plated and 

allowed to grow for 24 hours.  Cells were then pre-treated for 1 hour with GAP-107B8-L-Ac or 

Wortmannin or GAP-107B8-D-Ac and then treated with carboplatin for 48 hours before cells 

were quantified.  Data from A2780cp cells treated with GAP-107B8-D-Ac was performed once in 

duplicate.  All other data is from two independent experiments, once performed in triplicate and 

once in duplicate.         
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Table 8.  Health status of SCID mice in each group during the course of the GAP-  
    107B8-L-Ac and GAP-107B8-D-Ac MTD study.       
GAP-107B8-L-Ac 

 Group Status  

Group1 (5mg/kg) Well hydrated throughout study, normal behavior 
Group2 (10mg/kg) Well hydrated throughout study, normal behavior 

Group3 (20mg/kg) 

Appeared to behave normally throughout the study.  The immediate response to 
each injection was crowding in a corner, eyes squinting, and hunching although it 
was transient and by the next injection, the mice had recovered and returned to 
normal.  Fairly well hydrated throughout.  Did not appear worse as the injection 
schedule neared completion.     

Group4 (40mg/kg) 

Appeared to behave normally throughout the study.  The immediate response to 
each injection was crowding in a corner, eyes squinting, and hunching although it 
was transient and by the next injection, the mice had recovered and returned to 
normal.  Fairly well hydrated throughout.  Did not appear worse as the injection 
schedule neared completion.     

Group5 (80mg/kg) 

Beginning on Day 6 of the injection schedule, these mice exhibited the usual 
characteristics as mentioned above after the first injection and were struggling to 
survive the second dose given in the afternoon that day.    1 of the 4 mice in this 
group did not survive the night.  The remaining mice were not well enough to 
receive their injections the following day and were euthanized on Day 3.   

 
GAP-107B8-D-Ac 

 Group Status  

Group1 (5mg/kg) Well hydrated throughout study, normal behavior 

Group2  (10mg/kg) 

Appeared to behave normally throughout the study.  The immediate response to 
each injection was crowding in a corner, eyes squinting, and hunching although it 
was transient and by the next injection, the mice had recovered and returned to 
normal.  Fairly well hydrated throughout.  Did not appear worse as the injection 
schedule neared completion.     

Group3 (20mg/kg) 

Appeared to behave normally throughout the study.  The immediate response to 
each injection was crowding in a corner, eyes squinting, and hunching although it 
was transient and by the next injection, the mice had recovered and returned to 
normal.  Fairly well hydrated throughout.  Did not appear worse as the injection 
schedule neared completion.     

Group4 (40mg/kg) 

Beginning on Day 2 of the injection schedule, the mice exhibited the usual 
characteristics as mentioned above after the first injection and were struggling to 
survive the second dose given in the afternoon that day.    2 of the 4 mice in this 
group did not survive the night.  The remaining mice were not well enough to 
receive their injections the following morning but did receive injections on the 
afternoon of Day 2.  However, the following day, these mice were not able to 
receive any doses due to being unwell and were euthanized on the night of Day 3.   

Group5 (80mg/kg) Not performed due to toxicity observed in the 40mg/kg group.  
Mice were allowed to accommodate in the animal facility for five days.  Subsequently, the thirty 
mice were separated into groups of 3 (5, 10 and 20mg/kg groups) or 4 (40 and 80mg/kg groups) 
and each mouse was injected twice daily IP with a dose of GAP-107B8-L-Ac or GAP-107B8-D-
Ac for 7 days.   
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first day of injections and the rest of the mice were euthanized on the third day of 

injection of GAP-107B8-L-Ac.  Similarly, mice in the 40mg/kg GAP-107B8-D-Ac group 

exhibited loss of wellness at that dose after the first day of administration.  Two mice did 

not survive the first day of injections and the rest of the mice were euthanized on the third 

day of injection of GAP-107B8-D-Ac.  Therefore, the MTD was determined to be 40 

mg/kg for GAP-107B8-L-Ac and 20 mg/kg for GAP-107B8-D-Ac. 

 

3.4.5 Treatment of intraperitoneal xenograft tumours with GAP-107B8-L-Ac and 

GAP-107B8-D-Ac   

Using the MTD values, the ability of GAP-107B8-L and GAP-107B8-D to inhibit 

cancer cell viability IP in vivo and reduce tumour burden was investigated.  The OCC1 

cell line was chosen for this xenograft study due to its in vitro sensitivity to the treatment 

with GAP-107B8-L-Ac and the propensity of SCID mice xenografted with OCC1 cells to 

develop peritoneal ascites and small nodular tumours.  The mice were given GAP-

107B8-L-Ac and GAP-107B8-D-Ac injections IP twice daily for 13 days (5 days on, 2 

days off).  During  the course of treatment of this study, mice in both the GAP-107B8-L-

Ac and GAP-107B8-D-Ac treated groups developed a mild hunched posture during daily 

wellness checks that was not evident in the first few days of treatment nor evident at any 

time in the control untreated xenografted mice.  After 13 days elapsed, all mice were 

euthanized.      

As shown in Figure 25A, there was no significant difference in the mean total tumour 

burden of the mice treated with GAP-107B8-L-Ac or GAP-107B8-D-Ac compared with 

mice in the control group.  However, there appeared to be a trend of decreased mean  
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A 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25. Disease progression in SCID animals xenografted with OCC1 cells IP and 

treated with GAP-107B8-D-Ac and GAP-107B8-L-Ac IP.  Control (n=6a), GAP-107B8-D-Ac 

(n=6), and GAP-107B8-L-Ac (L-isomer) treated mice (n=6a) were monitored for disease 

progression.  In A, tumour burden is expressed as mean total tumour weight.  There is no 

significant difference in total tumour burden among any of the groups (p>0.05; unpaired t-test).  

In B, mean total ascites volume was quantified.  The asterisk (*) indicates a statistical difference 

in total volume of ascites (p<0.01, One-way ANOVA with Bonferroni post-test) between GAP-

107B8-D-Ac treated mice and the control mice.    There was no significant difference in ascites 

volume between control mice and those treated with GAP-107B8-L-Ac.  Error bars show the 

standard error of the mean (SEM).  aAscites were not present in one control mouse and one GAP-

107B8-L-Ac treated mouse, so n=5 for those two groups.  
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tumour burden in the GAP-107B8-D-Ac treated animals compared with control animals 

(p=0.19). Due to the nature of the tumour burden (numerous small nodules in the 

intestinal mesentery, pancreas and diaphragm), it was not feasible to micro-dissect the 

tumour nodules from any remnants of normal mesentery, pancreas or diaphragm.  As a 

result, measurements of tumour weight by necessity include the weights of the mesentery, 

pancreas and diaphragm that are associated with the tumour tissue.   Ascites volumes were 

collected using a 1mL syringe and an 18G11/2 gauge needle.  Volumes were estimated by 

comparison to control tubes containing 0-2mLs of water in 0.1mL increments.  Figure 

25B shows that there was a significant difference in the volume of ascites observed 

between mice treated with vehicle and mice treated with GAP-107B8-D-Ac (p<0.01, 

unpaired t-test), while a slight trend towards decreased total ascites volume was present in 

mice treated with GAP-107B8-L-Ac (p=0.63).  Figure 26 shows a representative image 

of the tiny tumours adhered to the intestinal mesentery in the mice.  Figure 27 shows a 

representative image of the ascites fluid present in the peritoneum of the mice.  The 

ascites fluid retrieved was very bloody in appearance in all groups of mice.        
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Figure 26. Tumour nodules in SCID mice xenografted IP with OCC1 cells.  White arrows 

indicate the various small nodules adhered to the intestinal mesentery of the mice.    
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Figure 27. Ascites in SCID mice xenografted with OCC1 cells.  The arrow indicates the ascites 

fluid present in the peritoneum of the mice. 

 
 
 

 



 88

Chapter 4: DISCUSSION 

The current standard of care in the treatment of ovarian cancer following surgical 

debulking is a platinum-paclitaxel combination treatment.  While this combination yields high 

initial response rates, patients often relapse and become resistant to the treatment.  Platinum-

resistant disease, which is the recurrence of the disease less than 6 months after treatment with 

platinum chemotherapy, and platinum refractory disease, which is the recurrence of the disease 

during the platinum chemotherapy, frequently lead to the standard of care being ineffective in 

managing this disease (Agarwal and Kaye, 2003).   

Therefore, a major thrust in ovarian cancer research has been to develop alternative 

therapies aimed to treat ovarian cancer that is resistant to standard chemotherapy.  These 

targeted therapies include anti-angiogenic agents, monoclonal antibodies, and other small 

molecule drugs (Agarwal et al., 2006).  Targeted therapies are designed to specifically target 

molecular defects present in cancer cells, and thus are believed to produce less toxic side 

effects compared to the standard chemotherapy regimen, which non-specifically form adducts 

with the DNA in cells, or stabilize tubulin polymers.  

GAP-107B8 was designed to be a targeted therapeutic against select PKC family 

members.  PKC is a family of several Ser/Thr kinases that are involved in the 

transduction of signals for cell proliferation, differentiation, angiogenesis, migration and 

apoptosis.  PKC has been implicated in tumourigenesis (Griner and Kazanietz, 2007).  

Different strategies have been devised in the drug development of PKC inhibitors and 

these include small molecule kinase inhibitors, peptides, biologic modulators of PKC, 

and anti-sense oligonucleotides (Ali et al., 2009). 
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Given the high rate of treatment failure for ovarian cancer, there is an urgency to test 

and validate new targeted therapeutics such as GAP-107B8. In addition to features 

designed to target binding and inhibition of PKCs, the GAP-107B8 compound also 

contains a PTD derived from the HIV tat protein. The PTD moiety, present in GAP-

107B8-L-TFA but not in GAP-107X8-L-TFA, was designed to facilitate transport into 

the target cells.  The cytotoxicity of GAP-107B8-L-TFA, which contains the PTD, and 

the lack of observed cytotoxicity of GAP-107X8-L-TFA, which lacks the PTD, is 

consistent with the notion that the active components of this compound fail to exert their 

effects on the intracellular PKC targets unless they can be transported into the target 

cells. 

Our initial tests demonstrated in adherent cultures an acute toxicity of GAP-107B8 to 

a panel of ovarian cancer cell lines at concentrations ≤ 25μM.  The majority of ovarian 

cancer cell lines displayed an even greater sensitivity to GAP-107B8 when treated in 

anchorage independent cultures in soft agar.  A number of possible explanations exist 

regarding this observation.  One explanation is the plating of single cells without cell-cell 

contact provides a more favorable situation for GAP-107B8-L-TFA.  Differences in 

initial plating densities were apparent, although more cells were plated in the soft agar 

assay (10,000 cells) compared to the cells grown in adherent cultures (2000-5000 cells).  

However, the fact that the cells are plated as single cells in suspension in the soft agar 

assay where there is no cell-cell contact is also a major difference in assay structure and 

possibly provides a more favorable environment for GAP-107B8-L-TFA to exert its 

effects.  Even though cancer cells have the ability to grow without contact to other cells 
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or basement membrane, it is possible that single cells are more susceptible to drug 

treatment than monolayers of cells with multiple cell contacts.     

Alternatively, the difference in sensitivity between the soft agar assay and the 

adherent cultures assay could also account for the different effects observed.  Banasiak et 

al. (1999) compared the survival curves of cells after a dose of radiation using a 

clonogenic or microtetrazoline (MTT) assay on a series of human bladder cancer cell 

lines.  Similar to our findings, the clonogenic assay was found to be more sensitive in 

detecting cell survival, particularly at higher doses.  Although Carmichael et al. (1987) 

have attributed differences between clonogenic and MTT assays to the presence of dead 

cells that retain residual dehydrogenase activity, the assay we used precludes this as an 

explanation since the Cyquant dye binds to the deoxyribonucleic acid (DNA) in cells and 

does not measure metabolic activity.    

Differences in assay end-points could also play a role in explaining discrepancies.  

The longer duration of the soft agar assay provides more time for cells to interact with 

GAP-107B8-L-TFA, although this idea assumes the drug is stable for more than 48 

hours, which is the amount of time cells were exposed to the drug in the adherent cultures 

assay.  Finally, colony formation relies on cells that maintain the ability to proliferate.  

Therefore, if the drug affects the cell cycle, cells may be viable and have intact DNA, but 

will not be recorded in the clonogenic assay.          

The encouraging results in vitro provided the rationale for the second objective, 

which was to assess the effect of GAP-107B8 on tumour burden in xenograft models of 

human ovarian cancer.  Xenograft models based on the IP injection of A2780cp cells were 

used because this generates a phenotype of advanced stage (metastatic) and 
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chemoresistant disease – the most challenging clinical presentation.  IP treatment of 

advanced ovarian cancer is currently advised by the Gynecologic Oncologists of Canada 

(Provencher, 2006), whenever it can be tolerated, so we adopted this treatment approach 

as well.  Although we have previously shown that disease progression can be slowed by 

other experimental treatments (Shaw et al., 2007), mice in this study receiving treatment 

with twice daily injections of GAP-107B8-L-TFA or GAP-107B8-L-Ac failed to 

demonstrate any statistically significant difference in mean total tumour burden between 

the treated and control groups.     

A number of possibilities exist as to why no effects were observed.  The first issue was 

how the in vivo dose compared to the therapeutic in vitro dose. The approximate injected 

concentration of GAP-107B8-L-TFA and GAP-107B8-L-Ac in the efficacy trials was 200 μM 

and 400μM, respectively. Even with dilution of the 500μL inoculum in the peritoneum, at least 

transient exposure of the tumour cells to the in vitro therapeutic dose >25 μM would be 

expected. However, without detailed pharmacokinetic data, it is unclear what initial IP 

concentration was achieved and how this changed with clearance over time. A second 

possibility that also could be clarified by detailed pharmacokinetic data is the stability of GAP-

107B8 in vivo.  A short half-life may preclude sufficient dosing of the tumour, especially if the 

IP dose is unable to quickly access the sites of tumour growth. Finally, the growth of cells in 

vivo, in three dimensions in a distinct environment may alter potential GAP-107B8 targets, 

decreasing the therapeutic potential. 

To address some of the above possibilities, in vivo human ovarian cancer xenograft 

models harbouring a subcutaneous tumour were treated IT with GAP-107B8-L-Ac.  Injecting 

directly into the tumour ensures immediate accessibility of GAP-107B8-L-Ac to the tumour 
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cells and addresses any changes that might be induced by in vivo growth. In addition, even 

though the length of exposure to stable compound is unknown, the time spent by GAP-107B8-

L-Ac acting on the tumour is maximized.     

The positive effects observed in reduction of mean tumour size by IT injection of GAP-

107B8-L-Ac into subcutaneous A2780cp tumours suggests that GAP-107B8-L-Ac is effective 

in vivo on reducing tumour size when given the maximum time spent at the site of action.  

Repeating the experiment using a second human ovarian cancer cell line, HEY, showed the 

effect of reduction on mean tumour size was not a cell-line specific phenomenon, correlating 

to what was observed in vitro.    

Even though IT injections are not an applicable delivery method for ovarian cancer 

treatment, the results of the IT study were important because it demonstrated that the 

peptide possesses inhibitory activity in vivo.  The cell lines used were very aggressive 

according to Shaw et al. (2007), who reported in a Kaplan-Meier curve that the A2780cp 

and HEY cell lines both resulted in a mean survival time of only 24 days in nude mice.  

These results suggest that improving the stability of the peptide in vivo may improve its 

ability to have a positive effect on reducing tumour burden generated by very aggressive 

cell lines in vivo. 

An interesting qualitative observation made in both efficacy studies on A2780cp IP 

xenografts was the effect of GAP-107B8 treatment on tumour size and number of 

tumours.  It was revealed that despite all mice having similar overall tumour burden, 

treated mice had significantly fewer, but larger tumours compared to control mice.  It was 

therefore speculated that perhaps GAP-107B8-L-Ac was able to eliminate a number of 

the smaller tumour nodules at the time of treatment without enhanced growth of more 
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established, larger tumours. If this were true, and since treatment started one week after 

injection of the cancer cells, the end result could be the treatment-induced elimination of 

the smaller tumours, along with the continued growth of the larger, unresponsive tumours 

present in the mice at the time of initiation of treatment. Alternatively, treatment with 

GAP-107B8 may have inhibited tumour growth in regions of the peritoneum where the 

IP injected dose was able to directly access tumour cells resulting in tumours only 

emerging from regions of the peritoneum not as accessible to IP dosing.  However, when 

this hypothesis was tested in the OCC1 xenograft model, which generates only small 

tumour nodules, GAP-107B8-L-Ac was unable to reduce mean tumour burden.   

Based on our results, it is still quite possible that poor stability of GAP-107B8 may 

prevent in vivo efficacy. Peptides are very susceptible to proteases present in serum and 

are often degraded quickly in vivo.  One approach to increasing the stability of peptides is 

to replace natural amino acids (L-configuration) with D-configuration amino acids.  

Synthetic enantiomers such as cecropin A and magainin 2 amide have been shown to be 

resistant to enzymatic degradation and show an activity profile similar to that of their 

natural form (Westerhoff et al., 1989; Bessalle et al., 1990).  Recently, ST100,059, an 

anti-angiogenic peptide that binds to VEGF was synthesized in the D-conformation due 

to the L-amino acid version of the peptide having a very short half-life in serum (Rastelli 

et al., 2011).   

 Therefore, in consideration of the greater stability afforded by converting L-amino 

acids to D-amino acids, GAP-107B8 was redesigned such that all possible amino acids 

were converted to the D-configuration.   
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It is likely the greater potency of GAP-107B8-D-Ac compared to GAP-107B8-L-Ac 

in inducing ovarian cancer cell apoptosis in vitro may reflect the greater stability of GAP-

107B8-D-Ac in culture, allowing prolonged exposure of the cells to the active compound.  

In vivo, IP treatment with the MTD of 20 mg/kg of GAP-107B8-D-Ac in the OCC1 

model led to a modest, but not significant decrease in tumour burden, while a slightly 

negative trend was observed for GAP-107B8-L-Ac.  These results suggest that the greater 

stability afforded by the D-Isomer may explain its enhanced potency in vitro and in vivo.  

Based on in vitro testing, the A2780cp cells are more sensitive to GAP-107B8 treatment 

than the OCC1 cell line.  This raises the question whether GAP-107B8-D-Ac may have a 

greater impact on the A2780cp IP xenograft model. 

Despite the lack of significant reduction of OCC1 tumour burden following treatment 

with GAP-107B8-D-Ac, this dose of GAP-107B8-D-Ac did lead to a significant decrease 

in the accumulation of ascites. The reduction of ascites may have clinical significance 

due to the high morbidity and poor prognosis associated with the development of ascites 

in women with ovarian cancer.  Ovarian cancer is characterized by rapid growth of 

peritoneal tumours and frequent accumulation of ascites (Liao et al., 2011).   

There are various hypotheses regarding the cause of ascites in women with ovarian 

cancer.  One line of thought is that the blockage of lymphatic ducts by tumour tissue 

allows the fluid in the peritoneal space to accumulate (Feldman et al., 1972; Hagendoorn et 

al., 2006).  At autopsy, it was observed in our mice that tumours had spread, adhered and 

covered many areas, including the diaphragm, which possesses many lymphatic vessels 

and is a major site of peritoneal fluid drainage.  It appeared that the diaphragm of both 

control and treated mice were equally affected. Since there are other sites of drainage all 
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over the peritoneum and because lower tumour burden in GAP-107B8-D-Ac treated 

animals compared to the vehicle treated animals was observed, GAP-107B8 may be 

reducing the tumour cells covering sites other than the diaphragm slightly more in treated 

mice than control mice, making it possible that the accumulation of ascites fluid may be 

enhanced by impairment of drainage. 

Another cause of ascites production is believed to be increased vascular permeability, 

a process where VEGF plays a pivotal role.  Indeed, Shaw et al. (2007) also hypothesized 

that the OCC1 models likely presented with leaky vasculature due to the animals 

presenting with severely distended abdomens full of bloody ascites.  Previous studies 

indicate that VEGF acts on the adjacent vascular endothelium through paracrine 

mechanisms (Bausero et al., 1998; Jackson et al., 2002).  This suggests vascular 

permeability is controlled at least in part, at intercellular junctions.  VE-cadherin is one of 

the major components of the endothelial cell junction that determines the strength of cell-

cell adhesion.  The location of VE-cadherin at endothelial cell junctions is also the major 

site of leakage in morphologic studies of tumour vessels (Hashizume et al., 2000).  The 

results of Hu et al. (2006) suggest that VEGF increases vascular permeability by 

rearrangement of the endothelial junctional protein VE-cadherin.  They observed that 

VEGF downregulates expression of VE-cadherin while a VEGF monoclonal antibody 

inhibits vascular permeability by increasing VE-cadherin expression.  Since VEGF is 

known to be secreted by tumour cells, it is possible that GAP-107B8 is inhibiting the 

ability of the tumour cells to secrete VEGF, thereby stabilizing vasculature and 

preventing leakiness.  
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Because the ascites collected were not analyzed, it is unknown how much of the 

volume consisted of cancer cells.  One way to test this would be to perform a cytospin on 

the ascites fluid and look for human cells with human specific antibodies, noting that 

cells in the ascites are likely a variable combination of cancer cells and blood cells, 

depending on the cause of the ascites.  Reports suggest that while some ovarian cancer 

cells, like OVCAR3, express high levels of VEGF mRNA, OCC1 cells express little 

VEGF mRNA (Yoneda et al., 1998).  Another study (Kim et al., 1993) indicated that 

HEY A8 and OCC1 cells do not cause ascites.  In contrast, this lab has previously 

determined that when OCC1 cells are injected IP into CD-1 nude mice, they develop 

mainly ascites along with small tumour nodules (<0.5cm3; Shaw et al., 2007), and our 

pilot study confirmed this phenotype.  Thus, it may be possible that our OCC1 cells 

express higher levels of VEGF than the cells in published literature.  One way to test this 

hypothesis would be to directly measure VEGF levels or look at VEGF expression in 

OCC1 cells by quantitative real-time polymerase chain reaction and western blot.  Taken 

together, our results suggest that GAP-107B8-D-Ac may be killing some of the OCC1 

cells, and thus not allowing them to produce VEGF.  This portion of cells would not have 

the chance to contribute to the pool of VEGF, resulting in less VEGF, increased 

expression of VE-cadherin and inhibition of the enhanced vascular permeability that 

might contribute to ascites formation.    

The partial efficacy of GAP-107B8-D-Ac in the OCC1 model may be the result of 

increased stability; however, results from the in vivo MTD study comparing GAP-107B8-

L-Ac to GAP-107B8-D-Ac suggest that GAP-107B8-D-Ac is also more toxic.  It has 

been noted that if all amino acid residues are changed to the D-configuration, these 
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enantiomers may be present for too long and thus cause prolonged toxicity (Hong et al., 

1999).  One approach to circumvent this problem is to replace only the L-amino acids in 

the most susceptible sites with D-amino acids.  The challenge is to maintain the activity 

of the peptide by making substitutions at locations where the secondary structure is not 

affected (Wieprecht et al., 1996).  For instance, it was noted that D-amino acid 

substitutions near the N and C terminus of the antimicrobial peptide KSLK maintained 

antimicrobial activity while D-amino acid substitutions near the middle of the amino acid 

sequence disrupted the alpha-helical structure (Hong et al., 1999).  Taken together, 

changing selective amino acids to the D configuration may increase the stability and 

potency of GAP-107B8 while curbing the toxic effects associated with prolonged 

stability due to changing all amino acids to the D-conformation.      

 Other approaches to enhance the stability or protect the peptide can be exploited.  For 

example, advances have been made in identifying pharmaceutical carriers such as 

liposomes (Gregoriadis, 1998).  Long circulating liposomes were created by coating 

liposomes with a polymer coat that decreased opsonization rate, and vastly increased 

circulation times (Lasic and Martin, 1995).  Therefore, using a polyethylene glycol 

coated liposome system as a delivery method for the GAP-107B8 peptide is another 

possible way to improve its stability and delivery to the site of action and may be a 

promising avenue to achieve greater efficacy in vivo.   

Animal models represent a very important pre-clinical component of testing new 

therapeutic drugs.  While xenograft models are routinely used for testing of novel 

therapeutics, they have the limitation of being simply transplanted cancer cells, rather 

than tumours developing from normal tissues in an immunocompetent host. Transgenic 
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models of cancer could pose a greater challenge for therapeutic testing because tumour 

development, including neovasculaturization and immune responses take place within the 

context of normal tissues.  Our lab has developed a mouse model of ovarian cancer, using 

the plasmid reported by Connolly et al. (2003), pMISIIR-TAg, on the FVB/N  

background.  The mice positive for the transgene develop bilateral ovarian tumours with 

100% penetrance.  Although validation is required that the same targets of the GAP-

107B8 are present in the mouse transgenic model, the use of transgenic models in 

therapeutic testing of GAP-107B8 represents different challenges compared to xenograft 

models in assessing the effects of GAP-107B8 in vivo.        

GAP-107B8-L-Ac was shown to lead to the induction of apoptosis in treated cultures 

as measured by TUNEL, flow cytometry, and analysis of PARP cleavage.  It was possible 

to detect a sub-G1 population as early as 4 hours after treatment by flow cytometry, 

cleaved PARP at 8 hours by western blot, and positive TUNEL staining at 30 hours.  

Detecting breaks in the DNA is a relatively late event in the apoptotic process, and thus 

explains the lack of observation of TUNEL positive cells prior to 30 hours.  While the 

other methods show more rapid activation of apoptosis, studies have shown that the 

commencement of the apoptotic process may be very fast.  For example, it was shown that 

two different CD95 signaling pathways that mediate apoptotic cell death showed that 

caspase-8 and caspase-3 were both activated within 2 hours after stimulation of the CD95 

death receptor (Scaffidi et al., 1998).  However, this rapid cytotoxicity suggests that even 

though GAP-107B8 caused a significant reduction in motility in 5 ovarian cancer cell 

lines, the reductions observed are likely due to cell death rather than inhibition of cell 

motility.  
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Mechanisms limiting proliferation may also be involved in the actions of GAP-

107B8.  Analysis of the cell cycle of cells treated with GAP-107B8-L-Ac for 8 hours 

revealed delays in the progression of labeled cells through the G2/M stage of the cell 

cycle compared to the untreated cells, which had cycled back to the G1 phase at this time.  

The delay in progression of the cell cycle is transient as indicated by the 14-hour 

timepoint, where both the untreated and treated labeled cells are in the G1 phase of the 

cell cycle.  This may be due either to the presence of a population of cells resistant to 

GAP-107B8-L-Ac treatment or due to the degradation of GAP-107B8-L-Ac such that it 

is no longer affecting cells at that point.     

One protein whose overexpression has been implicated in the rapid proliferation of 

ovarian cancer cells is cyclin E. Cyclin E is a cell cycle protein that is responsible for cells 

to progress from the G1 to the S phase.  The cell cycle phenomena can also be linked to 

Akt activity.  Akt phosphorylates p27kip, which is a negative regulator of cell cycle 

action.  p27 actually binds to cyclin E/cdk-2 complexes, enforcing a G1 checkpoint 

(Polyak et al., 1994a,b).  While our flow data seems to indicate a delay in progression 

through G2/M which would be independent of an effect on cyclin E, it has not been shown 

whether GAP-107B8 is also able to inhibit cells from progressing from G1 to the S phase.  

Our investigation involved labeling cells in the S-phase, and perhaps by the time those 

cells reached G1 and return to the S-phase, GAP-107B8 has already been degraded. 

Therefore, it would be interesting to synchronize cells at G1 and investigate whether GAP-

107B8 is also able to prevent the cells from progressing to the S-phase, possibly mediated 

by an effect on cyclin E or upstream pathways.     
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While apoptosis and transient inhibition of the cell cycle have been shown to be actions of 

GAP-107B8 on the A2780cp cells, other mechanisms may also exist.   The rapid response of 

cells to GAP-107B8 could be due to an autophagic response.  For instance, ATP-treated 

macrophages have been shown to undergo autophagy within 30 minutes of exposure, and this 

was associated with a subsequent decrease in viability within infected cells (Biswas et al., 

2008).  Autophagy is characterized by the formation of numerous acidic vesicles called acidic 

vesicular organelles (Paglin et al., 2001).  Previous studies have demonstrated that the 

PI3K/Akt pathway is involved in regulating autophagy (Zhuang et al., 2009).  There are 

reports that both apoptosis and autophagy can co-occur.  For example, carbinol and genistein 

synergistically induce both processes in human colon cancer HT-29 cells by inhibiting AKT 

phosphorylation (Nakamura et al., 2009) and synergistic effects of arsenic trioxide and 

radiation occur in osteosarcoma cells through the induction of both autophagy and apoptosis 

(Chiu et al., 2011).  Our results clearly indicate that apoptosis is one of the mechanisms of 

decreasing cell viability and inhibition of growth may also play a small role, but other 

processes such as autophagy may also aid in mediating cell death.    

Although we have investigated apoptosis and growth inhibition as mechanisms of 

cell death, it is important to understand the exact mechanism of action of GAP-107B8.  

Understanding the mechanism of action of GAP-107B8 is useful for pre-screening of pre-

clinical candidates, targeting complementary pathways in cells, and for drug 

optimization.  GAP-107B8 was designed as a PKC inhibitor and initial compound 

profiling was performed against the PKC family of 10 active PKC targets to determine 

IC50 values.  Initial compound profiling resulted in GAP-107B8 having robust effects on 

4 targets: PKCζ, PKCμ, PKCι and PKCν with IC50 values in the low micromolar range 
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(SignalChem Compound Profiling Report provided by PharmaGap).  These results 

formed the rationale to investigate the PKC family as potential targets of GAP-107B8 in 

our human ovarian cancer cell lines.     

Inhibition of phosphorylation of PKCι at Thr555 was not observed 1h post-treatment 

with GAP-107B8.  The Thr555 residue of PKC iota is located on the turn-motif (TM) 

near the C-terminus.  Crystallization studies and molecular modeling have shown the 

phosphate on the TM makes crucial contacts with other residues to help stabilize the core 

of the kinase (Messerschmidt et al., 2005; Grodsky et al., 2006; Hauge et al., 2007).  

However, there are conflicting reports as to whether phosphorylation at this residue is 

indicative of activity for PKCι.  One group determined that phosphorylation at the TM 

was dispensable for PKCι activity by showing that a mutated Thr 555 site resulted in only 

a 25% reduction in kinase activity (Hauge et al., 2007).  On the other hand, treatment of 

U87MG cells with 20 or 50 μM of pseudosubstrate inhibitor caused a reduction in PKCι 

activity, assessed by the phosphorylation of the Thr555 (Baldwin et al., 2010).  If the 

Thr555 residue of PKCι is not indicative of activation of PKCι, then it cannot be ruled 

out that GAP-107B8 is acting through pathways involving PKCι. 

PKC isoforms have a number of different roles in tumour biology and both their 

increased or decreased activity could have anti-tumour implications.  Consequently, 

while GAP-107B8-L-Ac did not appear to inhibit the activity of any of the PKC isoforms 

investigated in this study, there remains some potential for GAP-107B8 to be enhancing 

select PKC isoform activity as part of an induction of apoptosis. The phosphorylation 

status of some isoforms of PKC appeared to show a modest increase in the presence of 

GAP-107B8-L-Ac.  The increase in phosphorylation for PKCα/βII, PKCζ/λ, and PKCδ 
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are supported from previous studies showing a contributing effect to the induction of 

apoptosis.  For instance, a study in prostate cancer cells showed activation of PKCα 

promotes dephosphorylation and inactivation of the survival kinase Akt (Guo et al., 

2007).  In contrast, the activation of PKCβ appears to have anti-apoptotic effects in 

human leukemia cells (Lee et al., 1996).  Nazarenko et al. (2010) found that in ovarian 

cancer cells, PKCζ has a pro-apoptotic function.  Their results also indicate that PKCζ 

might be negatively regulated by the EGFR pathway in a transient manner and can be 

phosphorylated through clinical EGFR inhibitors like Cetuximab.  This is in agreement 

with literature on PKCδ (Griner and Kazanietz, 2007), which suggests it has pro-

apoptotic functions in most cell types.  These results indicate that PKC isoforms have 

varying functions in different cells and that the modest upregulation of the 

phosphorylated forms of some of these PKCs may be contributing to the apoptosis 

induced by GAP-107B8.     

In the absence of any clear effect of GAP-107B8 on the activation of PKC family 

members, we decided to examine Akt activation. Akt has been identified as an important 

molecule in ovarian cancer, particularly the isoform AKT2, which is upregulated in 40% 

of primary ovarian cancer cases (Yuan et al., 2000).  There is much evidence showing 

that Akt promotes cell survival and suppresses apoptotic cell death (Asselin et al., 2001; 

Dan et al., 2004; Fraser et al., 2003).   

A significant decrease in pAkt was observed in A2780cp cells treated with 25 μM 

GAP-107B8-L-Ac for 1 to 30 hours. While a dose as low as 6.25 μM or even 1 μM also 

led to a decrease in pAkt at one hour post treatment, pAkt levels returned to near normal 

within 4 hours after application of 6.25 μM GAP-107B8.  If targeting of Akt is an 
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important mechanism of GAP-107B8-L-Ac action, then only sustained down-regulation 

of pAkt with 25 μM GAP-107B8-L-Ac correlates with killing of adherent cells, which 

required 25 μM GAP-107B8-L-Ac for effective reduction of cell viability. The role of 

pAkt in GAP-107B8-L-Ac mediated cell killing is also at odds with the expression levels 

of Akt in ovarian cancer cells.   It was previously observed that the OCC1 and HEY cell 

lines utilized in this study were responsive to GAP-107B8 but  did not express detectable 

amounts of endogenous pAkt (Shaw et al., 2007), suggesting that the observed toxicity of 

GAP-107B8 in these cell lines is independent of pAkt inhibition. Further evidence for a 

lack of a role for pAkt in the killing of A2780cp cells comes from treating A2780cp cells 

with Wortmannin, an irreversible PI3K inhibitor. In this experiment, inhibition of pAkt 

by Wortmannin did not affect cell viability.  These findings suggest mechanisms leading 

to the inhibition of pAkt alone are unable to explain the cell death in our panel of ovarian 

cancer cell lines. 

Carboplatin is used currently as part of the first-line standard of care treatment after 

surgery in ovarian cancer patients, and so it was investigated if combining GAP-107B8 

with carboplatin would result in synergistic effects on decreasing cell viability.  Given 

that Akt is a central survival molecule in ovarian cancer cells, it was expected that 

inhibition of pAkt by GAP-107B8 may sensitize the cells to carboplatin treatment.  

Previous studies using other methods to inhibit pAkt support this hypothesis.  Abedini et 

al. (2010) have shown that activation of Akt blocks apoptosis by cisplatin-induced 

mechanisms, and that suppression of Akt was able to sensitize C13, HEY and OVCA 433 

cells to cisplatin-induced apoptosis. Furthermore, dominant-negative Akt (DN-Akt) was 

able to sensitize the C13 cells to cisplatin (Fraser et al., 2003).   
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Despite efficient suppression of pAkt by GAP-107B8, the A2780cp cells showed no 

greater response to carboplatin treatment.  The absence of synergistic response in the 

presence of both GAP-107B8 and carboplatin is difficult to interpret.  One explanation for 

the lack of synergy observed may be due to the p53 status.  p53 has been found to be a 

crucial apoptotic cell death mediator in ovarian cancer cells (Fraser et al., 2003).  While 

C13, HEY and OVCA 433 cells were all able to be sensitized to cisplatin-induced 

apoptosis upon suppression of Akt, these cell lines all carry wild type (wt) p53 (Abedini et 

al., 2010), while there is a mutation in the p53 of A2780cp cells (Shaw et al., 2008).  

Specifically, they showed that in the same cells we used (A2780cp), expression of a DN-

Akt failed to sensitize the cells to cisplatin induced apoptosis.  These results are consistent 

with previous data from that lab showing that when A2780cp cells are reconstituted with 

wt-p53, the cells become sensitive to cisplatin in the presence of DN-Akt (Fraser et al., 

2003, 2008; Yang et al., 2006).  Furthermore, they found that this response was attenuated 

when they used a specific inhibitor of p53 function called pifithrin-α-hydrobromide. 

Although A2780s, C13, and HEY cells are wt-p53, no synergistic effect was observed 

when the cells were co-treated with carboplatin in our cell viability assays.  In these cell 

lines, it was not determined whether GAP-107B8 was able to reduce pAKT, and thus it is 

unclear if the mechanism of action of cell killing is mediated through pAKT in these cell 

lines.  Therefore, it makes sense that future experiments involve treating wt-p53 cell lines 

with GAP-107B8 to observe if pAKT is downregulated.  Taken together, these findings 

suggest that the lack of synergistic effects observed with the combination treatment of 

GAP-107B8 and carboplatin are independent of p53 status and that the loss of pAkt 

function is not sufficient to sensitize the cells to carboplatin-induced apoptosis and that 
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other pathways are involved in mediating the cell death response.      

Akt is activated by two phosphorylation events.  Ser 473 is phosphorylated by the 

mammalian target of rapamycin complex 2 (mTORC2), while Thr 308 is phosphorylated 

by phosphoinositide-dependent kinase 1 (PDK1; Andjelkovic et al., 1997; Sarbassov et 

al., 2006).  While this study investigated the phosphorylation events at Ser 473, it did not 

address whether Thr 308 was phosphorylated on Akt and whether the signaling pathway 

that is involved in that event is also affected by GAP-107B8-L-Ac.  However, since full 

activation of Akt requires both sites to be phosphorylated, the sustained inhibition of Akt 

in A2780cp cells observed upon treatment of GAP-107B8-L-Ac suggests that inhibiting 

Akt activity is one of the mechanisms that may contribute to loss of cell viability. 

 

Conclusion 

Due to the development of resistance to current chemotherapeutic agents, as well as 

the toxicity associated with them, the development of new therapeutic strategies is of 

continued importance.  The results of the in vitro studies suggest that GAP-107B8 has an 

impact on reducing cell viability in adherent and anchorage independent cultures.  The 

results of the in vivo IT study suggest that GAP-107B8 possesses some therapeutic 

efficacy in ovarian cancer xenograft models while the results of IP treatment of OCC1 

tumours that develop following xenograft into SCID mice suggests that GAP-107B8-D-

Ac may be effective at reducing ascites volume.  GAP-107B8-L-Ac appears to induce 

apoptosis in A2780cp cells as determined by flow cytometry, TUNEL staining and 

detection of cleaved PARP.  The induction of apoptosis may be through mechanisms 

leading to decreased phosphorylation of Akt, although it does not appear that GAP-107B8 
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targets any PKC isoforms.  Finally, GAP-107B8-D-Ac appears to be more potent in 

inhibiting the proliferation of both adherent and anchorage independent cultures compared 

to GAP-107B8-L-Ac.  The results of in vitro and in vivo studies suggest that GAP-107B8 

has an impact on survival of ovarian cancer cells and on ovarian cancer cell xenograft 

models and thus should undergo further investigation as a potential treatment for ovarian 

cancer. 

Future formulations of GAP-107B8, including encapsulation in liposomes, may 

increase the efficacy in our model systems.  Equally important is an understanding of the 

mechanism of action of GAP-107B8.  Ideally, a dissection of the various moieties of 

GAP-107B8 through the generation of the relevant altered compounds can address the 

role of the PTD domain, the putative PICK1 homology domain and the PNA domain.  

Given the lack of evidence of direct inhibition of the PKC family members, this type of 

analysis becomes imperative.  In addition, continued efforts examining the mechanism of 

action might be improved by investigating using more global analyses which pathways 

are perturbed in GAP-107B8-treated cells.  The use of pathway-based arrays may allow 

the identification of affected pathways which in turn may lead to the identification of 

direct targets of GAP-107B8.  Finally, the identification of direct targets of GAP-107B8 

will allow the development of markers of GAP-107B8 function, which will improve the 

interpretation of pre-clinical trials and potentially offer assays for the development of 

future generations of this therapeutic agent. 
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