
ACCORDING TO THE National Institutes 
of Health (NIH), one out of every 33 
babies in the US is born with a birth defect. 
In most cases such defects occur during 
the first three months of pregnancy. The 
resulting human birth defect syndromes can 
significantly impact the long-term growth 
and development of an infant, in addition to 
increasing the risk of childhood death. 

A team of scientists at the University of 
Utah has been working to gain a deeper 

understanding of embryonic cardiovascular 
development and the role of specific genes 
in this process. Led by Dr Anne Moon, a 
Professor of Pediatrics, Human Genetics and 
Neurobiology and Anatomy, and now a Senior 
Scientist at the Weis Center for Research, the 
group is exploring the function of different 
genes responsible for key aspects of embryonic 
development. In particular, they are seeking 
to unlock the secrets of the role of fibroblast 
growth factor 8 (Fgf8) and transcription factor 
Tbx3 in heart and limb development.

UNCOVERING THE 
GLOBAL ROLE OF FGF8

Beginning her career as a paediatric Intensive 
Care Unit (ICU) doctor, Moon was exposed 
to critically ill patients with heart defects and 
this inspired her postdoctoral training in the 
laboratory of Dr Mario Capecchi, during which 
they employed the groundbreaking conditional 
mutagenesis technique. Her group’s research, 
and that of many other labs, has helped show 
that Fgf8 function is responsible for controlling 

Unravelling signalling in 
embryonic development
University of Utah and Geisinger Clinic researchers study mechanisms and pathways regulated by fibroblast 
growth factor Fgf8 and transcription factor Tbx3, distinguishing Fgf8 as a ‘master regulator of development’

Dr Anne Moon has devoted her career to developing mouse models of normal and pathologic 
cardiac, limb and lung systems to inform new treatments for congenital disorders

Can you outline the mouse models that 
have been integral to your work?

Simply put, one cannot ask crucial 
developmental questions at a functional or 
mechanistic level in humans; a good model 
is required that can be precisely, genetically 
manipulated and analysed in great detail over 
the course of development. Different genetic 

tools in the mouse – whose development is 
very similar to humans – have been essential. 
We have alleles that are completely functional 
and can be deactivated at a specific time and 
place. This allows us to activate a marker 
gene to identify when and where the gene of 
interest was supposed to be functioning in the 
embryo but is now no longer doing so. Our 
team can then follow what happens to those 
cells and their neighbours.

During my postdoc with Dr Mario Capecchi, 
we were among the first to employ Cre/
lox mediated conditional mutagenesis in 
vivo in developing mouse embryos to bypass 
embryonic lethality that results from a 
complete loss of fibroblast growth factor 8 
(FGF8) gene function. We have also used 
hypomorphic alleles, which produce just enough 
Fgf8 protein to allow the foetus to survive until 
birth. These mice were critical in revealing the 
many structures and organ systems that require 
Fgf8 to form or remodel properly. 

In what ways have these models aided your 
current research?

The models helped us to discover that 
Fgf8 interacts with genes and proteins 

critical in the pathogenesis of human 22q11 
deletion syndrome, also known as DiGeorge 
syndrome. This is the most common 
human deletion syndrome causing severe 
heart, immune, endocrine, craniofacial 
and speech defects. Now that modern 
surgical techniques allow these patients 
to survive their congenital heart defects, 
we are beginning to learn they possess 
a high frequency of speech and learning 
difficulties, in addition to psychiatric 
diseases. From child- to adulthood, this 
is completely changing the way these 
patients are cared for. We are hopeful that 
by understanding when and where genes 
in the 22q11 deleted regions are needed 
for different aspects of development, new 
therapies can be developed.

To what extent is a multidisciplinary 
approach important for the advancement 
of your work?

The lab has forged important collaborations 
with investigators across the globe at all 
stages of our work. We share ideas, reagents, 
tools and methods, and cooperate to carry 
out this work in the most rigorous and 
scientifically sound manner possible. Working 
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with people with different scientific and 
clinical interests means that a finding about 
a gene or pathway can be rapidly studied 
in many differing contexts, whether that be 
a developmental oral disease process or in 
human patients.

You are laying the foundation for a 
congenital heart disease training and  
research centre that will allow basic and 
clinical scientists to perform much needed 
studies. How is this progressing?

We have already assembled a team of 
scientists, surgeons and clinicians devoted to 
developing and studying these models with 
regard to the genetics and developmental 
biology of congenital heart diseases;  
testing and optimising surgical and medical 
interventions, devices and medications; 
determining the effects of these new training 
models on the competencies of  surgical and 
related subspecialty trainees and patient 
outcomes; and building a training centre that 
will set a new standard and proficiently train 
those who care for affected human patients. 

We are presently generating both the 
teratogenic and genetic outflow tract defect 
models and have confirmed that the same 
critical factors, such as Fgf8, that function in 

mouse and human cardiac progenitors, are 
also present in swine embryos. The National 
Swine Resource and Research Center 
(NSRRC) is generating genetically 
engineered swine at the Fgf8 locus, 
so that we can employ conditional 
mutagenesis to create different heart 
defects in newborn pigs. 

In what ways do you think your 
research and the centre will help 
change paediatric care of congenital 
defects worldwide?

It is too soon to say. However, the 
concept and goals have been embraced 
and supported by many surgeons, 
paediatric cardiologists and critical care 
physicians; funding from the NSRRC, 
University of Utah and Geisinger Clinic 
has also attested to this. We hope to 
provide new and more effective ways for 
trainees to learn to treat patients with 
congenital heart defects, establishing a 
refined approach to interventions of all 
kinds. The biggest lesson I have learned 
so far is that it’s critical to keep thinking 
about one’s science in the context of 
important clinical problems; sometimes 
the questions in each arena that you are most 
passionate about actually do come together.

the development of the majority of organs 
and structures in the embryo. Moon’s team 
used conditional mutagenesis to help explain 
more about how Fgf8 regulates cardiovascular 
development. They targeted the cells that 
ultimately give rise to the outflow tract of the 
heart, as this is one of the most commonly 
affected critical heart structures in humans 
with congenital heart defects. “Fgf8 mutants 
provide an excellent model system in which to 
examine the molecular and cellular pathways 
required for early cardiovascular development,” 
Moon explains. 

The researchers have devoted many years to 
pinpointing the cellular sources and targets of 
Fgf8 signalling in developing limbs and hearts, 
as Moon explains: “Our work overturned dogma 
about the function of Fgf8 in the early limb, 
that was based on years of gain of function 
experiments, and completely changed our 
models of limb development. In the early heart, 
we found the cells that require Fgf8 are the 
same as the cells that secrete it”. Essentially, 

this finding led the scientists to conclude that 
Fgf8 is a master regulator of the dynamic 
signalling environment in which cells survive, 
proliferate, migrate and differentiate. The group 
is now embarking on the very challenging task 
of determining the complex response of target 
cells to Fgf8.  

Moon and her collaborators are trying to 
discover the biochemical and transcriptional 
events that take place downstream of Fgf8 
signalling. Their studies demonstrate Fgf8 
is not only important for stimulating cell 
proliferation and preventing cell death, but is 
also one of the crucial patterning molecules 
informing cells about their location and 
ultimate function. Returning to the example of 
heart outflow tract development, without Fgf8 
signalling, cells that should become highly 
specialised outflow tract cells aberrantly 
differentiate into right ventricular muscle 
cells, leading to a whole host of further cellular 
malfunctions, and eventually resulting in 
severe heart defects. The team is now keen to 

explore how this knowledge can be translated 
into improved care and potential treatments 
for human heart defects.

EXPLORING THE TBX3 FACTOR

Tbx3 is a member of the TBX family of 
transcription factors; human Tbx3 mutations 
cause a congenital syndrome affecting numerous 
structures including heart and limbs. Moon’s 
laboratory has been studying how this protein 
acts in normal development by generating  a 
number of mouse models. This has been a 
difficult and lengthy process because even 
small structural changes in the gene disrupt 
development and survival, but through this work 
the researchers have uncovered some important 
information about Tbx3. “Although studying 
this gene has been very challenging, it is finally 
paying off! We have now discovered that Tbx3 
has critical roles in development of the cardiac 
conduction system and in maintaining this 
tissue in the adult heart,” enthuses Moon. Their 
work, along with that of other groups, is helping 
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Mice are an essential model system because they allow scientists to perform precise genetic alterations in 
the developing embryo to discover the genetic and molecular mechanisms underlying normal and abnormal 
development of different organs and structures.
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to create novel ways to treat heart damage. 
Recently, the researchers have identified that 
Tbx3 also interacts with splicing factors and 
regulates alternative splicing. Furthermore, they 
have discovered that Tbx3 works with another 
protein to regulate cell proliferation, senescence 
and oncogenesis. “These are completely novel 
functions for Tbx3, which increase the complexity 
and impact of its roles in development and tissue 
homeostasis,” clarifies Moon.

KNOWLEDGE TRANSFER

Disseminating their findings is a key part of 
this research. Together with her collaborators, 
Moon has published a number of papers 
detailing the new insights they have made 
on how mutations in Fgf8 and Tbx3 can 
contribute to human disease or congenital 
defects, and the research has often led 
to unexpected findings. For instance, the 
researchers have presented their results on 
the ways in which Fgf8 function is required 
for normal growth of the late foetal stages of 
lung development in developmental biology. 

Moon’s laboratory has demonstrated that Fgf8 
deficiency in an embryo leads to a foetal lung 
defect and immature lungs at birth. As a result, 
and with the support of the March of Dimes 
and the American Lung Association, the team is 
now turning their attention to determining how 
Fgf8 contributes to foetal lung maturation. By 

identifying the pathway that Fgf8 stimulates in 
lung development, it is possible that there will 
be new treatment options for premature infants. 

An important part of this work is to develop 
and share new tools to improve their ability to 
interrogate subtle signalling events in living 
embryos; these are not only mouse models, 
but new molecules to label cells and proteins. 
“We are in the process of trying to generate a 
novel aptamer that will allow us to quantitate 
and localise the amount and isoform of Fgf8 
protein in different tissues, because available 
antibodies are not sufficiently sensitive or 
specific,” Moon elucidates. As they identify 
downstream targets that are regulated by 
Fgf8 and Tbx3, the group will increasingly be 
able to determine if these can be targeted by 
drug therapies. 

Alongside their collaborators at the National 
Swine Resource and Research Center, they 
are transferring the conditional mutagenesis 
technique to pigs with the ultimate goal of 
improved clinician training, drug and device 
development as this is a better anatomic and 
physiologic model of human congential heart 
disease. With funding from the University 
of Utah and Geisinger Clinic, the group is 
employing teratogenic and genetic methods 
to phenocopy congenital heart defects seen in 
human patients in swine. 

They will collaborate with surgical and 
intensive care colleagues to set up a teaching 
and research ICU possessing expertise in 
cardiopulmonary bypass, surgical repair and 
pre- and post-operative care for newborn 
swine with congenital heart defects. 
Moon’s ultimate hope is that they will be 
successful in developing anatomically and 
physiologically correct models of paediatric 
congenital heart defects which can then be 
employed for transdisciplinary translational 
and basic research. 

The researchers have devoted many 

years to pinpointing the cellular 

sources and targets of Fgf8 signalling 

in developing limbs and hearts
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