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Table 1.1
World Health Organization histological classification [ovarian( nors: surface
epithelial-strom: tumors (Kaku et al, 2003). Epithelial tumors are classified according

to the predominar pattern of different :ion of the tumor cells.
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Table 1.4

Survival by FIGO stage for patients with ovarian cancer, 1996-98 FIGO statistics

(Heintz et al, 2003).
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Figure 1.3

What signaling pathways
(http://www.ambion.com/tools/pathway/loadImage.php?pos=bl&im=images/WNT
%20Signaling.jpg, accessed January 18, 2009). In the canonical Wnt pat vay,
secreted Wnt ligands initiate intracellular responses by binding to frizzled transmembrane
receptors and to low-density lipoprotein (LRP5/6) co-receptors which, in turn, activate
the cytoplasmic intermediate, D relled. Dishevelled subsequently b Is Axin to
inhibit phosphorylation of B-Catenin by the Axin/adenomatous polyposis ¢« /glycogen
synthase kinase-38 tumor suppressor comp < (10). Unphosphorylated B-Catenin
accumulates in the cytoplasm and nuc 1s  ere it interacts with T-cell factor/lymphoid
enhancing factor (TCF/LEF), B-cell lymphoma-9 (Bcl-9) and Pygopus (Pygo). Sequence-
dependent enhancer binding via TCF/LEF initiates transcription of target genes involved

in cell growth and proliferation, such as Cyclin D1 and c-myc.
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Figure 1.5

The Wnt transcription complex (A) and 3D repi 1 ion of human pygopus 2
PHD (B). A. B-catenin forms a complex with T cell factor (TCF), B Cell Lymphoma 9
(BCL9), and pygopus (Behrens ef al., 1996; Molenaar et al., 1996; van Noort & Clevers,
2002; Kramps et al., 2002). F adapte from Kramps et al, 2002. B. 3

representation of hPygo2 PHD.
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Table 1.5

Wnt- and B-catenin-pathway genes that are involved in diseases and syndromes
(adapted from ! )on et al, 2004 and

http://www.stanford.edu/~rnusse/dit 1 Humanger icdis.htm, accessed

December 21, 2008). Loss of Function (LOF); Gain of Function (GOl
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Table 1.6

Comparison of phenotypes in carriers and noncarriers of LRPgs;;c (Mani et al,
2007). Means + standard deviation -e st = n for quantitative traits. A kindred
members with measured values were i I d for LDL, triglyceride, L, and Bl
measurements. For blood pressure, fas g blood glucose, d diabetes, results r

subjects over age 40 are shown.
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overexpressed pygopus. This indicates that pygopus may have a more central role 1
cancer development and proliferation, and that this role is independent of B-catenin. In
my research, [ have explored the possibility of pygopus as a unique and novel therapeutic
target for ovarian cancer. With pygopus overexpression limited to a select number of
tissues, including the ovaries, pygopus suppression could target the ovarian cancer cells
selectively with theoretically fewer side effects and effect on other organ systems.

While current evidence suggests that Py pus is dedicated to the Wnt pathway, it
is possible that it also has Wnt-independent functions, as described (Song et al, 2007; de
la Roche and Bienz, 2007). To demonstrate this possibility in cancer, I studied the le of
Pygopus in two different epithelial ovarian cancer cell lines (TOV-112D and TOV-21G),
only one of which (TOV-112D) expressed -catenin. My results indicated it while
canonical Wnt signaling could be  monstrated in only in the B-catenin-expressing cell
line, both cell lines overexpressed d required pygopus for growth, clearly 1ggesting
that, as in embryonic development, py pus has activity ii ~ pendent of wnt signaling in

EOC.
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CHAPTER 2
MATERIALS AND METHODS

2.1 Cell Culture

The previously characterized epithelial ovarian  cer (EOC) cell lines, TOV-
112D and TOV-21G (Provencher et al., 2000), SK-OV-3 (Fogh, 1975; Fog et al, 1977)
and the NIH:OVCAR-3 cell line (Hamilton et al 1983) were obtained from the American
Tissue Culture Collection (ATCC; CRL-11730, CRL-11731, HTB-77 and HTB-161,
respectively). All three cell lines  re cultured in Delbecco’s Modified Eagle’s Medium
(DMEM; Gibco BRL) containing 10% fer  calf serum (FCS), 100 U/mL of penicillin
and 100pg/mL of streptomycin. Cells were passaged every three to four days.

TOV-112D cells have a known activating mutation in f-catenin (Wu et al, 2001)
that results in overexpression of B-catenin and increased canonical Wnt activity. In
comparison, TOV-21G cells have minimal expression of 3-catenin (Popadiuk e al,
2006). SK-OV-3 and OVCAR-3 cell lines have moderate -catenin expression
(Popadiuk et al, 2006). TOV-21G, SK-OV-3 and OVCAR-3 have baseline canonical
Whnt activity opadiuk et al, 2006).

The SV40 mnmortalized Ovarian § face Epithelial 397 (IOSE 397) cell line was
a gift from Dr. Nelly Auersperg on behalf of the Canadian Ovarian ..ssue Bank. Cells
were cultured in a 1:1 combination of two media, 199 (S° 1a)and] °DB1 ' (Sigma)

with 5% FCS, 100 U/mL of penicillin and 100pg/mL of streptomycin. Cells were

passaged every three to four days.
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Figure 2.1

TOPflash Mechanism. To determine the amount of er igenous W1 signaling in the
ovarian cancer cell lines a TOPflash assay was performed. The ovarian cancer cells had
either the TOPflash or the control FOPflash vector transfected into them. * 2 TOPflash
vector had six TCF binding sites allowing endogenous TCF to bind and recruit the
remainder of the Wnt transcription cc  plex. This« aplex activates the expression of
luciferase. Luciferase Assay Reagent was added and the light produced w: measured
with a Monolight® 2010 Luminon  *(A  ytical Luminescence Laboratory, San Diego,
CA). The FOPflash vector was used as a control. It had x mutated TCF1 ding sites.
TCF is not able tc ind. Therefore it is not able to recruit the transcription complex and

luciferase is not expressed. Eaclt perin 1t was perforn | in tripli
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Figure 2.2

Gal4 Assays. To determine the amount of transactivatic  activity of hPygo2 in the
presence and absence of the Wnt pathway, Gal4 Assays were performed. The hPygo2-
Gal4 Binding Domain fusion protein binds the Gal4 binc g sites, and the { 1sactivation

activity of hPygo2 is measured by iciferi  expression.
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Table 2.1
Primer Sequences and PCR Conditions for Gal-4-hPygo2 Constructs.
TA = Primer annealing temperature. N = Number of annealing/elongation cycles.

Synthetic nuclear localization sequen is in bold. Syntl ic stop codon is underlined
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lysate was run on 10% SDS-PAGE protein gels and trar  erred to Hybond™ ECL™
nitrocellulose me branes under semi-dry conditions. Western immunoblots were
performed essentially as previously described (Popadiuk er al, 2006). Proteins were
immunodetected using the ECL™ Western Blotting Detection System and Hyperfilm™
(Ambersham Pharmacia Biotech). Rabbit polyclonal anti-pygopus a1 sera was
developed previously (Popadiuk et a/, 2006). Mouse m oclonal anti-B-catenin
antibodies and rabbit polyclonal anti-ERK antisera were purchased from Santa Cruz.

Mouse monoclonal anti-B-actin antibodies were purchased from Sigma.

2.6 Co-immunopreciptations

Cells were grown on 6-well plates 1til 80% confluent. Cells were washed with
cold PBS. Protein was extracted in lysis buffer (1 mg/mL aprotinin, 1 mg/mL leupeptin,
5 mg/mL TLCK) and immunoprecipitated with anti-pygopus antisera oven ht at 4°C.
The primary antibody was bound to Prote A Sepharose beads. Immunoprecipitated
protein was washed with Triton Media and 150 mM NaCl. Sample buffer was added and

co-immunoprecipiated protein was detected by Western immunoblott  as previously

described.

2.7  Double labeling Immunocytochemistry (ICC)

2 x 10* TOV-112D, TOV-21G, I0SE 397, or NIH-OVCAR-3 cells were seeded
in eight-well Lab-Tek® chamber slides (N: ;e Nunc International, USA) sixteen hours
prior to fixation. Cells were washed with cell culture PBS and fixed with 4%

paraformaldehyde. Cells are treated with 0.2% Triton X-100 in ICC PBS, washed with
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Figure 2.3

hPygo2, B-catenin and BCL9 antisense oligonucleotic and siRNA sequences.



Chapter 2: Materials and Methods Wells; page 86

Name Sequence Tar—-* * ocation
A -+ 1221
Pygopus siRNA CCAGCCUCUGGGUCAAAAC —  401-20
Pygopus Oligo GGCTGAGCAAATCGTTGGG —  635-54
Nouo-specific Olige T*T*T*GCGCCGTTTCTT*C*T*C No complimentary sequ e
3697
B-catenin Oligo T*G*A*GAGCTTAACCACAA*C*T*G — 1685-1704
Mismatch Oligo G*C*C*TGAGCTAATCA '"G*G*T No complimentary sequence
p-catenin siRNA Unavatlable Unspecified
Non-specific siRNA Unavailable No complimentary sequence
6267
BCL9 siRNA ¢ ACUGCAGCAGGAGUUUUAU — 2159-78
BCL9 siRNAd AUCCCAGAUGGUCGAAAUU — 2532-51

* = Phosphothioate Bond
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Figure 3.1

Double immunocytochemistry of hPygo2 and B-catenin. iOSE397 1 nortalized
epithelial ovarian cells, as well as . JV-112D, . JV-21¢ and OVC/ -3 EOC cell lines
were immunocytochemically stained using hPygo2 and -catenin antibodies. Pre-
immune sera was used as a control for the hPygo2 antibody. Scale bar equals 50 um.
hPygo2 loc: zed to the nucleus in the EOC cell lines and perinuclearly in the iOSE397
cells. B-catenin expression was variable, with it localizing to the cell membranes of
iOSE397 and OVCAR-3 cells, expressed throughout the TOV-112D cells and is not

detectable in the TOV-21G cells.
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Figure 3.2

Endogenous Wat activity in Epithelial Ovarian Cancer cell lines. 4. TCF-dependent
transcriptional activity was determined by TOPflash assays. The prese :e and :vels of
endogenous canonical Wnt activity were determined in TOV-112D," WV-21G, OVCAR-
3, and SK-OV-3 cells. B. hPygo2 immunoprecipitation in TOV-112D and JV-21G
cells, followed by B-catenin Western blotting. p-catenin was found to bind with hPygo2
in the TOV-112D cells, but not the JV-21Gecells. ~ al protein extracts are also

shown.
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concentration and -actin Western immunoblot. D. Analysis of the transcription
activation domain(s) in Pygo by I  :nkaya et a/, 2002 demonstrating hPygo2 was able to
activate transcrip >n. Cells were transfected with the pGSE1b-luciferase reporter
construct (Hsu et al., 1994) and with vectt e -essing GAL4 DNA-binding domain
alone (pM1) (Sadowski et al., 1992) or with GAL4-Pygo fusion protein. A GAL4-Jun
AC-containing Jun activation domain n" acids 5 to 89) fused with GAL4 was used as
a positive control. Luciferase acitivitiesa expressed as relative activities compared

with cells transfected with the plasmid containing the GAL4 DNA-binding dot 1in alone.
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Figure 3.4

siRNA knockdown studies in . _ . -112D EOC cells. A4. Cell counts at 48 an 72 hours
for TOV-112D c¢ s transfected with nonspecific, hPygo2, B-catenin and BCL9 siRNA.
Error bars represent standard error. B. Western analysis of hPygo2, -« eninand, as a
control, ERK performed 48 hours after kn <down with nonspecific, hPygo2, B-catenin

and BCL9 siRNA. Results are based ¢ three experiments performed in tri  cate.
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etal, 1992). CE! ’-E is a centromere-associated protein and requi 1 for progression
from metaphase to anaphase (Yen ez al, 1991). The do1  e-ICC I performed used CENP-
E as a marker of mitosis, and showed discrete areas of hPygo2 staining during a period in
the cell cycle where CENP-E staining was observed (see Figure 3.6). No .. ‘E
colocalization was observed indicating that these discrete punctuate areas of hPygo2 are
not at the centromeres. However, using CENP-E as a marker of the metaphase to
anaphase portion of the cell cycle, the immunocytochemical results indicate that Pygopus
localizes to discrete punstate areas during mitosis. Pygopus overexpression in the EOC
cell lines I studie is consistent with it having a role in the uncontrolled mitosis that is

occurring in these cells. Further study is needed to elucidate the non-Wnt 1 ctions of

Pygopus.
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Figure 3.6
Double immunocytochemistry of hPygo2 and CENP-E in synchronized TOV-112D
cells. Thymidine-synchronized TOV-112D cells were immunocytoch¢ ically stained

using hPygo2 and CEM. -._ antibodies.
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smaller peptides in the collision cell, and a single peptide or a small number of peptides
are sorted and analyzed in the second mass spectrometer. The mass spectrometers can be
a sector MS that utilizes a static electric or magnetic sector or some combination of the
two as a mass analyzer, a transmission quadrupole MS that separates ions based on the
stability of their trajectories in oscillating electric fields plied to four parallel circular
rods., or time-of-flight as discussed above. The first MS would select out proteins and
peptides of interest. The second MS could identify the amino acid sequences of those
peptides that could be then compared to genome sequences to identify previously
unknown proteins that interact with hPygo2. Tandem MS is useful in samples that
contain dozens or hundreds of compounds as the first MS will allow for the analysis of a
just a few by the second MS. It may not be practical to identify every compou lin e
samples, so this would allow for the analysis of a smaller number of proteins of interest
that may have significance. It would eliminate some of the purification steps after the

initial immunoprecipitation and the possible loss of important proteins.
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