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BRIEF PROJECT ABSTRACT:

Kidney disease is a major health concern worldwide due to the rapid rise in diabetes
and high blood pressure. Because current treatments are not meeting the demand of
patients, there is an urgent need to develop new approaches, such as stem cell therapy. To
fulfill this goal, it is important to understand how kidney stem cells work. We will perform
experiments to identify new proteins that bind to the lhx1 protein, which we previously
showed to be important for kidney stem cell function. Identification of these new proteins
will provide insights into the genetic program that control kidney stem cells, thus bringing
us one step closer towards the development of a stem cell therapy for patients with kidney
disease.
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Project Description

Chronic kidney disease leads to kidney failure and is a major health concern
worldwide due to the rapid rise of diabetes and high blood pressure (the two main causes
of kidney failure). Treatments for kidney failure is a huge burden on the healthcare system,
costing ~$40 billion a year in the U.S. alonel. Currently, there are only two treatments
available, (dialysis and kidney transplant) both having severe limitations and are not
meeting the demand of patients. Dialysis has a high mortality rate (20%) and a poor lifestyle.
Transplantation has the risk of immune rejection and a long waiting list (~3 years). As such,
there is an urgent and unmet need to develop novel alternative therapies for treating kidney
disease. One intriguing possibility with tremendous potential is a stem cell/regenerative therapy?.
Stem cells can self-renew to maintain their population and also differentiate into many different
cell types. Therefore, the identification of kidney stem cells would greatly contribute to the
development of future regenerative therapies.

Zebrafish has become an important model organism to study stem cells and tissue
regeneration because it can regenerate many of its vital organs, including the heart, liver,
and pancreas?. Its kidney can also regenerate, but the stem cell source for the new kidney
tissue has not been identified*. Recently, we were the first to discover the existence of stem
cells in an adult vertebrate kidney. These stem cells were capable of regenerating new
kidney tissue following transplantation into recipient fish with kidney failure>. This ability
to form new functional kidney tissue is the gold standard for any stem cell/regenerative
therapy®. Because the zebrafish kidney is very similar to the human kidney?, our results
provide an important first step towards the development of a stem cell therapy for human
patients.

In order to harness the full potential of such a stem cell therapy, we need a better

understanding of how these stem cells work. For example, it is important to know what
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proteins are present in stem cells and how they interact with each other to regulate stem
cell activity. To determine this, we plan to identify new proteins that interact with the lhx1
protein. We have previously shown that the Ihx1 protein is present in kidney stem cells and
is important for stem cell function®. To carry out this experiment, we will use the Yeast
Two-Hybrid systems®. This is a powerful genetic system that has been used for decades to
identify interaction proteins because it is simple and sensitive. Once the new interacting
proteins are identified, the DNA coding for these proteins will be isolated from yeast and
transferred to bacteria for amplification and further confirmation of the interaction will be
carried out. The DNA will then be sequenced to identify the exact proteins/genes that
interact with lhx1. The results attained from this project will be used as preliminary data
for a National Science Foundation - Research in Undergraduate Institution (NSF-RUI) grant
application. The candidate genes/proteins identified in this project will be further
investigated in zebrafish animals to determine their roles in kidney development and
regeneration.
Methods and timeline

These experiments will take approximately 12 months to complete. In the first two
months, the DNA for lhx1 will be manipulated to be compatible with the Yeast Two-Hybrid
system. This requires the use of a DNA gel extraction kit to purify the DNA fragments from
agarose gels (Qiagen, $480). In the next five months we will carry out the Yeast Two-
Hybrid experiment. In the following three months, the DNA of interacting candidates will
be isolated from yeast and shuttled to bacteria. Purification of the DNA will require three
DNA preparation kits (Qiagen, $366 each; $1098 total). Finally, the last two months will be
used to sequence the DNA to identify the gene/protein responsible for interaction with
Ihx1. Sequencing services will be provided by the company SimpleSeq™ ($5 per sequence;

$420 total). The DNA will be sent to SimpleSeq™ in pre-purchased vials ($5/vial) and the
3






