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The research I did this summer focused on type 1 papillary renal cell carcinoma (pRCC). This subgroup of 
tumors makes up less than 15% of all kidney cancer, and as a result has not been characterized as 
comprehensively has other more common subtypes. A specific trend observed in type 1 pRCC is the 
overexpression or mutation of the oncogene MET, which occurs in the vast majority (>90%) of all type I pRCC. 
Another recent development in the characterization of this cancer came from a recently published study that 
comprehensively identified genetic alterations in pRCC (The Cancer Genome Atlas [TCGA] Research Network, 
NEJM. Jan, 2016. 374;2). These two findings drove my summer research, which involved two different projects. 
One of my projects was to explore the possibility that a protein called E-cadherin functionally interacts with 
MET. The other project I focused on was to knock out some of the most commonly mutated tumor suppressor 
genes in pRCC to determine whether I could transform a human kidney cell into a pRCC cell. 

The first half of my research was to explore the way that E-cadherin, a cell-cell adhesion protein, interacts with 
MET.  Previous work from last summer by student Cami Barnes identified that as human kidney cells become 
confluent, their levels of active MET decrease while their levels of E-cadherin increase. We first hypothesized 
that E-cadherin causes the decrease in activated MET; however, after immunoblot analysis of different human 
kidney cells (transformed and non-transformed) we determined that E-cadherin was not directly causing the 
decrease in activated MET during contact inhibition. We also performed an immunoprecipitation assay, which 
showed that E-cadherin and MET don’t physically interact. Our new hypothesis is that E-cadherin physically 
prevents the diffusion of growth factors (such as HGF) from reaching their receptors (such as MET) by 
restricting them to the basolateral side of polarized kidney epithelial cells. To test this hypothesis, we initiated 
studies with transwell dishes that allow us to stimulate cells from both the basal and apical sides.  Studies with 
this hypothesis and new cell culture system are ongoing. 

The other half of my research involved the genetic deletion of 12 different tumor suppressor genes commonly 
mutated in pRCC in human kidney (HK2) cells using the CRISPR/cas9 system. This system can be used to 
introduce frameshift mutations throughout the genome, and allows us to observe the effects of deleting 
specific genes with regards to cell growth and survival. We found that deletion of the gene Neurofibromatosis-
2 (NF2/merlin) causes abnormal growth when cells are cultured in a 96-well spheroid plate, which mimics the 
anchorage-independent growth of cancer. NF2 encodes the protein Merlin, which belongs to a larger family of 
proteins that contain a specific protein-protein interaction domain called the FERM domain.  Merlin has 
previously been shown to participate in the HIPPO signaling pathway and is also thought to restrict signaling by 
proteins in the same family as MET.  Using CRISPR/Cas9 we also knocked out three FERM domain proteins 
related to merlin—ezrin, radixin and moesin (ERM)—and observed the growth of cells lacking all three of these 
proteins. Interestingly, these cells grew less efficiently than wild-type (normal) cells, which is precisely the 
opposite of NF2/merlin deficient cells.  We will continue to characterize the kidney cells lacking NF2/merlin, 
particularly focusing on how loss of these gene impacts the activity of the related ERM proteins.  

The research from this summer provided good direction for future experiments, along with an abundance of 
new questions for further granting opportunities. Although the question of how E-cadherin and MET interact 
has not been answered, many possibilities have been ruled out. Additionally, mutation to the gene NF2 has 
been identified as a significant cause of abnormal cell growth when cultured in a spheroid dish, giving our lab 
new opportunities to research the protein Merlin and other similar proteins in the context of pRCC with 
confidence that they are important contributors to the cancer.  

For me, this research taught how to be a careful lab worker, how to be organized, how to be a good lab mate, 
and—most importantly—how to think through unexpected results. Many of our results were not necessarily 
what we hoped for, however those results were still useful. Learning to work with results of all kinds, even if 
they are unexpected, is an extremely important aspect of research. It is something I will use moving forward in 
my career as a researcher. 

  


