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Zebrafish Help Researchers Explore
Alternatives to Bone Marrow Donation
UC San Diego researchers discover new role for epidermal growth
factor receptor in blood stem cell development, a crucial key to being
able to generate them in the laboratory

Zebrafish with blood cells shown as purple dots stretching the

length of its body.

Blood diseases such as leukemia and lymphoma are currently treated with bone marrow

transplants — a transfer of blood stem cells from a healthy person to a patient in need. But the

demand for patient-matched blood stem cells far exceeds their availability, and many patients

go without. To bypass the need for donations, University of California San Diego School of

Medicine researchers are using zebrafish and human cells to determine how to grow blood

stem cells in a laboratory dish.

Whether it’s humans or zebrafish, a major player driving embryonic and blood cell development

is the Wnt family of molecules. These molecules tell cells what to do by docking on Frizzled

receptors, which sit on cell surfaces like antennae.

In their latest study, published May 20, 2019 by Nature Cell Biology, the team was surprised to

discover that when one particular Wnt signaling molecule, Wnt9a, is received by blood stem

cells, three different molecules are involved. Scientist had previously thought there were only

two.

That third — and, it turns out, crucial — factor is the

epidermal growth factor receptor, or EGFR. This

finding may help advance the development of

blood stem cells in the laboratory.

“Previous attempts to develop blood stem cells in a

laboratory dish have failed, and that may be in part

because they didn’t take the interaction between

EGFR and Wnt into account,” said first author

Stephanie Grainger, PhD, assistant project scientist at UC San Diego School of Medicine.  
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Researchers commonly use zebrafish — a pet shop staple — to study how blood stem cells

develop in a normal organism. Zebrafish are an ideal model for this because they use the same

mechanisms to make blood stem cells that humans do, but they are translucent as they

develop. That means researchers can watch their blood stem cells arise in real time, and test

how genetic modifications affect them.

According to the study, blood stem cell development works like this: The Wnt9a molecule

touches down on a Frizzled receptor on the outer surface of a blood stem cell (Fzd9b, to be

exact). At the same time, Wnt9a also brings EGFR into the mix from the outside of the cell,

bringing Fzd9b and EGFR closer together. Then, inside the cell, EGFR tags Fzd9b’s inner tail

with a chemical, a phosphate group. This last step triggers a cascade of cellular events

necessary to turn a stem cell into a blood cell.

The researchers said identifying EGFR in this context was also exciting because many cancer

therapies work by targeting this receptor.

“Our findings raise the possibility that such treatments will impact Wnt signaling,” said Karl

Willert, PhD, associate professor at UC San Diego School of Medicine and faculty member in

the Sanford Consortium for Regenerative Medicine. “We currently don’t know how EGFR

inhibitors will impact the biology of blood stem cells, and future studies will certainly have to

take these interactions into account.” Willert was co-senior author of the study with David

Traver, PhD, professor at UC San Diego School of Medicine and Division of Biological Sciences.

Now that the team has determined how blood stem cells receive this Wnt signal at the cell

surface, they will focus on unraveling how the cells relay and process the signal. Then they can

start thinking about ways to trick the cells into thinking they have received this cue, even if they

have not. That technique would better enable researchers to generate human blood stem cells

in the laboratory — and perhaps one day use off-the-shelf blood stem cells, instead of bone

marrow transplants, to treat patients with blood diseases.

Cancer cells often hijack these same developmental pathways to grow and form tumors.

Grainger said learning how cells communicate with each other through Wnt, Frizzled and EGFR

might provide a new approach to treating malignancies where these signals are out of control.

“This is a great example of how working in one area of biology can have a huge impact on a

seemingly unrelated process,” said Willert, who is also director of the Human Embryonic Stem

Cell Core Facility at UC San Diego School of Medicine. “In this case, we were studying Wnt’s

role in blood development and we landed smack in the middle of the EGFR-cancer field.”
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