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I distinctly remember a conversation I had many years 
ago with Dr. Judah Folkman, a Harvard physician and 
cancer scientist, considered by many to be father of tumor 
angiogenesis research. He told me in a private meeting 
that if cancer biologists understood normal embryonic 
developmental processes, then the strange behaviors 
displayed by cancer cells would not seem so bizarre.  
That conversation had a significant impact on my work, 
and I have turned my focus toward understanding the 
embryonic origins of cancer ever since.

I am often asked why I am so passionate about cancer 
research. In reality, I don’t know. I think it started as an 
ignorant childhood fear of an ambiguous disease (cancer) 
that was lethal (in my childhood mind) if contracted. And 
yet, looking back, I see that my fear was unfounded. I am 
privileged to come from a family that is cancer-free across 
multiple generations consisting of hundreds of people. 
This is truly remarkable considering that approximately 
40% of the U.S. population will be diagnosed with cancer 

at some point in their lifetimes (based on 2010-2012 data, 
www.cancer.gov). I believe that the significant lack of 
cancer incidence in my family tree results in part from 
a certain genetic background, but in greater part from 
proactive adherence to a health code guided by modern 
day revelation.

While it is well documented that cancer is a complex 
disease influenced by both environment and genetics, it 
is not this genealogy that fascinates me. Rather, I have 
become much more interested in the genealogy of the 
individual cancer cell. Like any other genealogy case, this 
cancer cell has a story to tell, from its embryonic origins to 
its maturation and matriculation into an organized society.  
For most metastatic diseases to develop, this mature, 
matriculated cell must decide to escape the rules and 
regulations imposed upon it by its local surroundings. In 
many cases, the cancer cell adopts behaviors attributed to 
ancestral cell types. In a classic case of identity confusion, 
the cancer cell seeks out alternative habitations that 
ultimately are insufficient in controlling a misguided cell 
that has become a law unto itself.

Malignant melanoma is a perfect example. With a 5-year 
survival rate below 20%, this disease is one of the more 
deadly cancers. Melanoma most commonly arises in the 
skin from pigment cells called melanocytes. These cells 
are responsible for skin color and play a critical role in 
protecting other skin cells from the damaging effects of 
ultraviolet radiation.

Melanocytes ultimately derive from an embryonic cell 
population called the neural crest. As one of the few truly 
invasive cell populations observed normally throughout 
embryonic development, the neural crest are “born” with 
potent migratory potential. First observed in the dorsal 
neural tube (developing brain spinal cord) of the embryo 
following gastrulation and neurulation (about 3 weeks after 
fertilization in humans), neural crest cells migrate to all 
parts of the body using both attractive and repulsive cues 
to guide them along defined neural crest pathways. 

After their migration to various destinations throughout 
the body, neural crest cells differentiate into multiple tissue 
types, including bone, muscle, connective tissue, neurons 
and glia, and melanocytes. An understanding of this 
embryonic ancestral tree of the adult melanocyte can be 
useful in describing some of the traits that make malignant 
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melanoma so deadly. First, neural crest cells are migratory. 
Likewise, melanomas tend to be very invasive. Compared 
to other skin cancers, such as basal cell carcinoma or 
squamous cell carcinoma, which rarely metastasize, 
melanoma cells are surprisingly metastatic and metastasis 
tends to be a much earlier event in melanoma compared 
to other solid tumors. Why is melanoma so metastatic? 
My research suggests that melanoma cells reacquire a 
molecular gene signature similar to that observed for 
neural crest cells. In other words, aggressive melanoma 
cancer cells de-differentiate back up their family tree and 
begin to display characteristics of their ancestors. This also 
may explain why melanoma has such a high propensity to 
metastasize to the brain. At one point during embryonic 
differentiation, this neural crest cell had to choose 
between a neural lineage (associated with brain and spinal 
cord) and a pigment cell lineage (the melanocyte). As 
a melanoma cancer cell de-differentiates back toward a 
neural crest lineage, it presumably would be susceptible to 
neuronal signals and amenable to living among neuronal 
cells. Thus, metastatic melanoma may reacquire attributes 
of its ancestral cell of origin, the neural crest. This would 
endow the cancer cell with characteristic behaviors 

including advanced invasive capabilities and a propensity 
to metastasize to specific tissues.

With a correct understanding of the relationship 
between embryonic development and the pathogenesis 
of metastatic cancer, we can begin to probe the vast 
knowledge available to us through the study of normal 
developmental pathways. For my research team, this 
literally means to attempt to remove the stripes from a 
zebrafish. As its name implies, the adult zebrafish has dark 
stripes running along the entire length of its body, from 
head to tail. These stripes are established by the zebrafish 
melanocyte, which, like its human counterpart, is also 
derived from the embryonic neural crest.

The use of zebrafish as a model organism provides 
multiple advantages that make it ideal for use at BYU-
Idaho: first, fish husbandry is inexpensive, fairly  
easy, and does not take up much space; second, breeding 
can yield hundreds of eggs per week; and third, the 
zebrafish embryo is completely transparent, making it easy 
to image cells using conventional microscopy techniques 
without the need for advanced labeling procedures. Indeed, 
darkly pigmented neural-crest-derived cells are easily 
identified following their exit from the dorsal neural tube.  
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These cells can then be observed to migrate along defined, 
canonical routes as they begin to populate the stripes of 
the developing fish. 

Our approach to identifying novel regulators of cancer 
metastasis can be broken down into three different phases. 
First, my students are currently involved in constructing 
a roadmap of the paths utilized by migrating pigment 
cells. This primarily involves in vivo time-lapse imaging 
of normal migratory behaviors. In essence, students make 
movies of the normal migratory behaviors, accounting 
for speed, timing, location, and the extent of deviation 
of these parameters when comparing one fish to another. 
This first step is meant to teach the students the value 
of understanding normal behaviors in order to better 
understand a disease state. Completion of this step 
also requires the development and implementation of 
important analytical skills. 

Second, using an array of molecular tools, students 
will target and “knock down” the expression of certain 
proteins hypothesized to be important for the proper 
migration of these cells. A list of genes hypothesized to 
be involved in this migratory process has been assembled 
based on an understanding of embryonic neural crest 
migratory behaviors. This molecular approach is meant 
to expose students to many of the laboratory tools used 
in Life Sciences research today. Following successful 
protein knock-down, students will observe and note any 
differences in the migratory behaviors of the pigment cells. 
Significant effects might include a number of different 
phenotypes, each one made visible by comparing the 
stripes of normal fish to the stripes of experimental fish.

Upon successful completion of step two, the last step in 
this experimental design is to evaluate the role of candidate 
proteins (identified in step two) in the process of cancer 
metastasis. This last step will allow students to be exposed 
to alternative model systems through collaborative efforts 
with other laboratories, providing unique experiences for 
camaraderie and networking. Taken together, students are 
afforded opportunities to contribute not just to their own 
mental and physical skillsets, but to the advancement of 
medical science.

Indeed, an understanding of the normal developmental 
pathways inherent within a metastatic melanoma cell (or 
perhaps any cancer type) could possibly not only explain 
the unique behaviors observed for that cancer, but may 
also ultimately lead to novel approaches to treat a disease 
that currently lacks highly effective treatment options. t

Students are afforded 
opportunities to contribute 
not just to their own mental 
and physical skillset, but  
to the advancement of 
medical science.


