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Chapter 1: Introduction

CHAPTER 1
INTRODUCTION

1.1 Pygopus, a Crucial Component Originally Identified in Wnt
Signaling

Pygopus was initially identified as a co-activator for the canonical
Wnt signaling pathway, a critical intracellular cascade implicated both in
development and cancer. Given its ce ral role in the Wnt signaling pathway, |
would like to first discuss the Wnt signaling pathway and its biological
implications.
1.1.1 Wnt Signal Transduction Pathv ys

The mouse pr¢ r-oncogene int-I was originally identified as a
mammalian homolog of the segmer polarity gene Wingless in Drosophila
(Nusslein-Volhard and Wieschaus, 1980; Cabrera et al., 1987; Rijsewijk et al.,
1987). The name “Wnt”, de /ed from terms “Wingless” and “int-1”, was then
used to describe a cluster of metazoan genes which encode protein ligands that can
trigger a number of intracellular casce : events. In the past two decades, the Wnt
gene family has been expanded to 19 members in the human genome including
Wntl, Wnt3a, Wnt8 (Katoh, 2002). TI ligands encoded by these Wnt genes are
evolutionarily conserved glycoproteins that have similar amino acid sequences

normally with 22-24 cysteine residues (Katoh, 2002). They function via directly



















Figure 1.2 B-catenin/TCF Transcriptional Complex in the Canonical Wnt
Signaling pathway. ..e complex composes of TCF, B-catenin, BCL-9, and
hPygo2. The PHD domain (in brown color) of hPygo2 interacts with HD-1
domain of BCL-9 and associates with the complex for Wnt signaling. NHD
domain (blue color) of hPygo2 may contain stro1 transcriptional activity by

recruiting unknown factors.







































Figure 1.4 Structur: domains of human Pygopus 2 Protein (hPygo2).
hPygo2 protein contains conserved domains including the NLS (green color),
NHD domain (N-terminal, blue color), an PHD domain (C-terminal, brown
red color). A NPF (Asn76, Pro77, and Phe78) motif in the NHD domain was
found to have strong transcriptional activity. In the PHD domain of hPygo2,
four amino acids in Drosophil corresponding to the residues (Met361,
Thr362, Ala365, and Leu369) have been shown to be critical for its interaction
with BCL-9 (Legless in Drosophila) protein and required for Wnt gene

transcription and embryonic development.
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Figure 1.5 A. EOC subtypes and EOC cell lines. EOC has 5 major
histological subtypes: endometrioid, clear cell, serous, mucinous, and
undifferentiated. Cell lines including TOV-112D, TOV-21G SKOV-3, ES-2,
and OV-90 were derived from and represent each of these subtypes,
respectively. Constitutive activation ~Wnt signaling is only restricted to one
subtype (endometrioid). All the other subtypes exhibit either very low level or
inactive Wnt signaling properties. B. The protein expression of hPygo2 in
EOC cell lines (Immunoblot). hP: )2 protein is overexpressed in all Wnt-
active and Wnt-inactive EOC cell lines comparing to non-malignant human

ovarian surface epithelial cells. (Popadiuk et al., 2006)


















Figure 2.1 A. Rescuing pla 1ids. The DNA sequences of hPygo2 wild-type
coding region were amplified and inserted into pCS** plasmid vector. Site-
mutations were made in the PHD or NHD domain of hPygo2 using this
pCS**/hPygo2 wildtype coding region plasmid as a template. All wildtype and
mutant plasmids were used for the rescue assay. B. Antisense Oligos for
depleting hPygo2 protein. atisense Oligos hPy-ON8 specifically targeting
3’-UTR of hPygo2 mRNA were used to knockdown the endogenous hPygo2

expression in the rescue assay.










Chapter2: Materials and Methods

dependent on a conserved NPF tri-peptide (corresponding to the amino acids
Asparagine, Proline and Phenylalanine at position 76-78 of hPygo2) (Stadeli
and Basler, 2005). Here also using pCS2+/hPygo2 wildtype as a template, these
three residues at position 76-78 were all mutated into Alanines by

QuikChange® XL Site-Directed Mutagenesis Kit (Stratagene).

2.3.2 Antisense Oligonucleotic
Either phosphorothioated Antisense oligos hPy-ON8 or MM control
oligos were transfected at  final concentration of 250nM via Effectene®™

Tranfection Reagent (Qiagen). Media were changed 24 hours after transfection.

2.3.3 Experimental groups

All the experimental groups e indicated in Table 3.1. Group 1 and 2
are co-transfections of pCS?* empty vector with either Antisense oligos
hPy-ON8 or MM Oligos. G up 3 and 4, 5 and 6, and 7 and 8 are
co-transfections of pCS** hPygo2 wil 1 coding region, pCS** hPygo2 PHD
mutant and pCS** hPygo2 NHD mutant respectively with either Antisense

oligos hPy-ON8 or MM OI" s.












Figure 2.2. Diagram of GST pulldown assay. GST-Fusion Proteins were
immoblized onto Glutathione Sepharose 4B beads and incubated with cell
lysates, nuclear extraction proteins, or in vitro translated radiolabelled proteins
to allow the interacting-proteins to bind. After washing the beads, bound
proteins were eluted and loaded on SDS-PAGE and subsequently identified by

Immunoblot or Mass Spectrometry.







Chapter2: Materials and Methods

mass-spectra are searched in a peptide sequence database; 4) The list of
matched peptides is used to identify corresponding proteins. (Reviewed in
Topaloglou, 2006)

Differential bands representing differential proteins pulled down by
GST-NHD or GST-PHD fu: n proteins were compared and bands of interest
were excised into silicon tt es. Proteins in each band were digested via the
Trypsin Profile IGD kit (S° n: The digested peptides were extracted in 0.1%
trifluoroacetic acid and 50% acetonitrile, dried by Speed-Vacuum Method and
identified by a Dionex Ultimate 3000 HPLC coupled with an Applied
Biosystem QSTAR XL MALDI-TOF mass-spectrometry (Performed by Ms.
Lidan Tao at the Genomics and Proteomics (GaP) Facility, Memorial
University). Mass-Spectrometry resu : were analyzed by Analyst (Applied
Biosystem) and MASCOT software and the best matching candidate proteins

were profiled from Pubmed otein da “ase.
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Figure 2.3 Diagram of Co-immunoprecipitation Assay. 1. Incubate the
antibody against protein of intt st with cell lysates; 2. Immobilize the
antibody, protein of interest, and interacting protein complexes onto protein
A/G beads; 3. Wash the beads to elimina non-specific binding proteins; 4.

Elute binding proteins and immur »lot the interacting protein.






Chapter2: Materials and Methods

2.5.3 GST-pulldown assay th in vi » translated radiolabeled proteins

The rationale of the GST-pulldown assay was discussed in section
2.3.2, Figure 2.2. For this experiment, successive deletion fi ;ments of hPygo2
were PCR amp ed (except GST-NHD32-47aa) and inserted into the EcoRI
and Xhol sites of pGex4T-1(Figure 2.4). PCR primers used in the construction
of hPygo2 deletion fragments are liste in Table 2.1. For the GST-NHD32-47aa,
two oligonucleotides were directly annealed and formed double-stranded DNA
fragments containing a 5° EcoRI site and a 3 Xhol overhang which can be
inserted into pGex4T-1 vec ie al e plasmid constructs were then used to
produce corresponding GST 1sion proteins.

Complementary full-length protein or fragments of specific
domains which were identified to interact with hPygo2, were synthesized and
radiolabeled using in vitrot - ribed ‘anslated TnT SP6 System kit (Promega)
and incubated with previous GST-Fusion proteins. Bound proteins were
isolated by SDS-PAGE and in vitro anslated proteins were detected using

autoradiography istead of immunoblots.
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Figure 2.4 GST fuse successive deletion fragments of hPygo2 protein.
Successive deletion fragments of hP: 02 were PCR amplified and inserted into
pGex 4T-1 vector. 1: empty vector that only produces GST tag protein; 2: GST-
fused PHD domain; 3: GST-Cei (non-conserved) domain; 4 to 7: GST-
NHD, GST-NHD1-47aa, GST-NHD32-47aa, and GST-NHD48-95aa fusion

proteins, respectively.
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Chapter 3: Results

NHD, but not the ! [D disabled the ability of exogenous hP:

3 cell numbers reduced by depletion of endogenous hPygo2.

-49-
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Figure 3.3 Co-immunoprecipitation (Co-IP) assay for hPygo2 and Treacle
in cancer cells. SKOV-3, and HeLa cell ly: tes were incubated with either pre-
immune rabbit serum or hPygo2 polyclon: rabbit antisera (hPygo2 immune).
Co-immunoprecipitated proteins were blc :d with chicken anti-Treacle IgY.
SKOV-3 cells: lane 1, cell lysate input; lane 2, IP with pre-immune; lane 3, IP
with hPygo2 immune. Hela cells: lane 4, cell lysate input; lane 5, IP with pre-

immune; lane 6, IP with hPygo2 immune.









Figure 3.4. Treacle and hPygo2 colocalized in the nucleoli of SKOV-3 cells.
SKOV-3 cells were indirectly stained with ntibodies against Treacle (chicken
anti-Treacle IgY, red) and hPygo2 (hPygo2 polyclonal rabbit antisera, Green).
4' 6-diamidino-2-phenylindole (DAPI) was used to indicate nuclear staining

(blue). Scale bar, 10um.
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Huntsville, AL. Radiolabeled full length Treacle was translated, in vitro, from
this clone and then used to test 1 the GST-fusion proteins via autoradiography.
It was loaded without incubation with any GST-fusion proteins as an input
shown in lane 0 of Figure 3.5B. The result clearly showed that GST-NHD
(Figure 3.5B, lane 4), but not GST alone, GST-PHD and GST-ANHDAPHD
(lane 1, 2, 3 respectively), cov” ~ pull down in vitro translated Treacle protein.
In addition, GST fused to residues 1 to 47 (GST-NHD™ '*, lane 5) and
residues 32 to 47 (GST-NF 3" lane 6) of the NHD, but not GST-NHD* **
% (lane 7), were able to pull down Treacle protein. The minimal region within
the NHD required for interaction with Treacle, therefore, was narrowed down
from the whole [HD doma to the region encompassing amino acid residues

32-47.
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Figure 3.6A.B. In vitro translated Treacle fragments. Different fragments of
Treacle domains (A) were in vitro translated, loaded on SDS-PAGE gel and
visualized by autoradiography (B). This B panel represents 20% input for the
GST pulldown shown in C. C. Interaction of the hPygo2 NHD domain and
Treacle fragments- GST Pulldown Assay. The GST-NHD fusion protein was
used to test all in vitro translated radiolabeled full length Treacle or Treacle
fragments as below: lanel, Full- = sth Treacle; lane2, N-terminal domain;
lane3, Central domain; lane4, C-terminal domain; laneS, N-terminal+first half

Central domains; lane6, C-termii  +last 1/3 Central domains of Treacle.















Figure 3.7. hPygo2 co-segregated with Treacle and UBF in the Hela cells
treated with AMD. Hel a cells were treated with 50ng/ml actinomycin D for
2h, stained by indirect immunofluorescence and observed by confocal
microscopy. Nucleoli (arrows) were shown in nuclei by Differential
interference contrast (DIC) images. (A) Treacle (red) localization in untreated
and treated cells is compared with hPygo2 (green); (B) UBF (red) localization
in untreated and treated cells is compared with hPygo2 (green); (C) Fibrillarin
(red) localization in untreated and treatt cells is compared with hPygo2
(green); (D) B23 (red) localization in untreated and treated c« s is compared

with hPygo2 (green). Scale bar, 1 m.









Chapter4: Discussion

that contains alterations on the critical residues required by hPygo2 to interact with
lgs/BCL-9 within the PHD domain (Townsley et al., 2004). One possible caveat
for using this plasi d in a rescue assay is that the critical residues may also be
used by hPygo?2 for its interactions with proteins besides BCL-9. Therefore, in the
event that the PHD mutants could not scue cell growth, I would not be able to
distinguish whether it was due ) the abolishment of the interaction with BCL-9 or
with other, unknown proteins. However, this issue was largely abrogated since the
rescue assay results indicated that the PHD mutant did efficiently rescue cell
growth, similar to results obtained w 1 the positive control-hPygo2 wildtype
plasmid, suggesting that the interaction of hPygo2 with BCL-9 and its
involvement in Wnt signaling are not necessary for EOC cell growth.

The same issue may also be applied to the M D mutant rescuing
plasmid. The rescue assay results, however, showed that the NHD domain
containing alterations in NPF motif, which previously was shown to be required
for the transcriptional activity of hPygo2 (Stadeli and Basler, 2005), substantially
lack the ability to rescue SKOV-3 cell -owth, suggesting that it is required for
growth.

Another consideration with the rescue assay results is that the
knockdown effects by Antisense Oligos hPy-ON-8 were not ideal (approximately

20%-30%) even they are statistically sig ficant. It might because those AS Oligos

-71-
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Appendix

Transcriptional Reporter Assays

To determine transcription activity, Luciferase Assasys were performed
as described (Andrews et al., 2008). The reporter plasmid, pFR-Luc (Stratagene),
consists of the | iferase gene driven by Gal4-binding sites and a basic
transcriptional promoter (TATATA). The genes of interest were cloned into pM-
Gal4 (Clontech) plasmid vectors expressing Gal4 DNA binding domain
(Gal4DBD). When pFR-Luc is transfected into cancer cells, little or no luciferase
is expressed as the backgroun expression level for the cell line used. When it was
co-transfected with previou: ’ constructed pM-Gal4 plasmids, luciferase gene
expression was measured, resulting from the association of Gal4-binding sites
with the Gal4DBD in fusic with p tein products encoded by the genes of
interest. Therefore, the trar ‘riptional activity of genes of interest can be
quantified by relative luciferase activity.

For this thesis, MCF. . cells were seeded in triplicate 24 hours before
transfection at a density of 1.5x10° per well in 12-well plates. pM-Gal4 plasmids
containing the ge :s of interest were co-transfected with pFR-Luc reporter
plasmids into cells using Lipofectamine and Plus Reagent (Invitrogen). pRSV-fgal
plasmids (Promega) expressii [ ilactosidase to determine transfection

efficiency were also co-t1 ifected. I ciferase activities were measured using a
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luciferase assay reagent (Promega) and a Monolight 2010 Luminometer 48 hours
after transfection according to the manufacturer's directions. Relative luciferase

unit (RLU) values were normalized to f3-galactosidase activity in each sample.
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Appendix Figure: NHD NPF-AAA mutant lost transcription activity
determined by a transcriptional reporter assay. Gal4DBD alone (Column
1), Gal4DBD in fusion with NHD wildtype (Column2), and Gal4DBD in
fusion with NHD NPF-AAA mu 1t protein (Column 3) were co-transfected
with pFR-Luc reporter plasmids into MCF-7 cells. RLU were measured and

normalized to p-galactosidase activ _ in  ch sample. (Data from Mr. Phillip

Andrews)















