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PAX3 appears to be a key feature 
of melanoma initiation and 
progression. By understanding the 
molecular details of this pathway, 
they anticipate identifying 
potential avenues for therapeutic 
intervention.

Research Progress

The research team evaluated 
the effect of PAX3 knockdown 
on global gene expression in 
a series of cell lines spanning 
immortalized/non-transformed 
melanocytes and melanoma 
lines that are weakly or highly 
metastatic. Using RNA-seq, they 
identified both overlapping and 
distinct gene sets across cell 
lines, suggesting a differential 
gene regulation by PAX3. 
Moreover, gene ontology together 
with functional analyses revealed 
reciprocal regulation between 
PAX3 and the PI3K-AKT-PTEN 
pathway with the potential to 
drive dysregulated signaling 
and gene expression. They thus 
hypothesized that PAX3 functions 
to integrate aberrant PI3K-
AKT signaling to repress PTEN 
expression and sustain melanoma 
pathogenesis. The RNA-seq has 
been carried out in collaboration 
with the laboratory of Michael 
Underhill, University of British 
Columbia.

The team has continued to work 
on epigenetic changes in cancer, 
using breast cancer as a model. 
Epigenetic marks, involving the 
chemical modification of histones 
and DNA, have emerged as 
critical biomarkers for cancer 
diagnosis and treatment. In this 
context, trimethylation of lysine 
9 on histone H3 (H3K9me3) 

Research Summary

Melanoma is a deadly form 
of skin cancer that starts in 
pigment-producing cells called 
melanocytes. As the Alberta 
Cancer Foundation’s Mary 
Johnston Chair in Melanoma 
Research, Dr. Alan Underhill and 
his research team work on the 
molecular wiring within these 
cells that determines their identity 
during development. Their main 
interest is in a protein called 
PAX3 that is necessary to make 
melanocytes by regulating which 
genes are turned on and off. Over 
the past year, they determined 
which cells were under the 
control of PAX3 in melanocytes, 
and which melanoma cells were 
weakly or highly metastatic. This 
revealed multiple genes that 
have key roles in melanoma and 
resistance to therapy. In this 
context, the team discovered 
that PAX3 turns off the PTEN 
gene, which strongly opposes 
melanoma development and is 
therefore frequently inactivated 
in this cancer. Building on this 
important finding, they have 
begun to elaborate a pathway 
where suppression of PTEN by 

 
Additional Achievements

Underhill serves on the 
Medical Advisory Board of 
the Canadian Skin Cancer 
Foundation and presents 
several times annually in a 
multidisciplinary melanoma 
journal club, providing 
an overview of important 
biomedical research papers. 
He has presented his research 
in Alberta, BC and Ontario. 
He also served as Chair of 
the Canadian Epigenetics 
Conference.

Underhill has been 
supervising Master’s student 
Kirby Ziegler on the PAX3 
project. Ziegler has been 
awarded studentships from 
the Women and Children’s 
Health Research Institute and 
Alberta Innovates-Technology 
Futures. She also received 
the prestigious Izaak Walton 
Killam Memorial Scholarship, 
and was selected to attend 
the Cold Spring Harbor 
Laboratory in New York for 
statistical methods and 
functional genomics which 
will further strengthen the 
team’s computational and 
bioinformatics skills.

In the past year, Underhill 
co-created three manuscripts: 
one published, one under 
review, and one in revision. He 
also published six papers, two 
reviews, one book chapter, and 
one abstract, and has three 
more papers in submission. 
He received one patent.

Research funding in the 
amount of $770,648 has been 
secured, with an additional 
$118,000 pending.
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and lysine 20 on histone H4 
(H4K20me3) is associated with 
constitutive heterochromatin 
within pericentromeric regions; 
both modifications are required 
for chromosome integrity. Despite 
this requirement, only H4K20me3 
displays widespread loss in 
cancer, suggesting it has a unique 
tumor suppressive function. They 
have characterized H4K20me3 
in breast cancer progression 
models that include human and 
murine cell lines, as well as in 
tumour samples and metastases 
from a mouse. In each case, 
researchers observed decreased 
H4K20me3 in association with 
more advanced disease. They also 
initiated bioinformatics analyses 
in the same model systems 
using a combination of proteomic 
and gene expression data. This 
revealed a global decrease of the 
pericentromeric heterochromatin 
proteome in more aggressive 
disease, together with marked 
changes in transcript levels for 
proteins that either directly or 
indirectly modulate H4K20me3 
levels. Collectively, these studies 
provide a strong framework for 
understanding H4K20me3 loss in 
breast cancer and defining its role 
in pathogenesis. This project has 
been carried out in collaboration 
with Dr. Ing Swie Goping, 
University of Alberta.

Over the past year, Underhill 
and his team have continued 
to collaborate with Dr. David 
Eisenstat at the University 
of Alberta to define target 
gene networks in embryonic 
forebrain development. Their 
primary contribution to this 
collaboration is the completion 
of bioinformatics analyses. They 

have also established a new 
collaboration with Dr. Michael 
Hendzel (also at the University 
of Alberta) to examine protein 
dynamics within constitutive 
heterochromatin that stems 
directly from observations 
made in their lab. In particular, 
these studies have provided 
novel insights into the physical 
properties of heterochromatin 
in live cells that are relevant to 
understanding how it is organized 
throughout the cell cycle.

With regard to career research 
accomplishments, Underhill has 
made longstanding contributions 
to understanding PAX3 
biochemistry and molecular 
biology. His team was the first 
to define the molecular basis 
of disease-causing mutations 
in PAX3 and have been at 
the forefront of defining the 
principles of DNA-binding and 
target gene recognition. In 
2004, they were again the first 
to demonstrate that histone 
methylation changed during 
cell differentiation in a way 

that pointed to important roles 
in cancer and regenerative 
medicine. This work has 
provided a powerful entry point 
to examine a novel pathway in 
cancer pathogenesis that could 
be clinically relevant. Finally, as 
part of a collaboration with Dr. 
Philippe Gros at McGill University, 
the team played a significant 
role in the identification and 
characterization of genes that 
cause neural tube defects 
(NTDs). Underhill’s laboratory 
identified Vangl2 as a candidate 
gene for the severe NTD, and 
this work helped the Gros lab 
subsequently identify mutations 
of VANGL2 in human NTDs.

Research Plans for 2016-17

Over the past year, Underhill and 
his team have developed a strong 
foundation for evaluating a role 
for PAX3 in the PI3K-AKT-PTEN 
pathway in melanoma. They are 
currently focused on elaborating 
the molecular details of this 
pathway using a combination 
of genetic and small molecule 
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based approaches. Thus far, 
they have established that PAX3 
represses PTEN expression and 
that signaling through PI3K-AKT 
leads to elevated PAX3 protein 
levels. This should in principle 
lead to further repression 
of PTEN to create sustained 
activation of PI3K-AKT signaling. 
Experiments over the next year 
will explicitly test this idea. 
Because the PI3K-AKT-PTEN 
axis plays a fundamental role 
in melanoma progression and 
therapeutic resistance, defining 
the role of PAX3 within this 
pathway would be a significant 
advance.

The team has established a 
number of model systems 
for characterizing epigenetic 
dysfunction in cancer. 
Although this research uses 
a breast cancer model, it is 
anticipated to have implications 
for other malignancies, 
including melanoma. Using 
a combination of cellular, 
molecular and bioinformatics 
approaches, they have been 
able to characterize changes 
in the protein composition of 
constitutive heterochromatin 
that may underlie the loss 
of H4K20me3 during breast 
cancer progression. Over the 

course of the next year, they 
hope to establish cause-effect 
relationships between these 
proteins and H4K20me3 levels. 
At the same time, analyses of the 
H4K20me3 protein machinery 
using live cell imaging methods 
will be extended to understand 
its contribution to the physical 
properties of heterochromatin 
and also its role in genome 
stability. These studies will 
have important implications for 
understanding how H4K20me3 
loss contributes to cancer 
progression.
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