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1. INTRODUCTION:   
 
Neurofibromatosis type II (NF2), is an autosomal dominant genetic disorder that is characterized by the development of 

symmetrically distributed vestibular schwannomas as well as gliomas such as meningiomas and ependymomas. Since 

tumors of NF2 patients are slow-growing, chemotherapy treatment is not effective, thus traditionally patients must 

undergo surgical removal of tumors and radiation therapy. Sadly, these procedures are often performed multiple times 

over a lifetime due to tumor relapse, thus the identification of novel and specific pharmacological drug targets for the 

treatment of NF2 is a high priority. NF2 is due to mutations residing in the Nf2 gene that encodes the protein product 

Merlin. The precise mechanism by which Merlin promotes cellular proliferation and tumor formation is unclear. 

However, recent studies have implicated the hippo-signaling pathway as being the primary mechanism for proliferation in 

cells that lack or express mutant Nf2. Additionally, there is evidence demonstrating that a known hippo-component, Yap, 

indirectly binds to NF2 in the cell, however, the precise nature of these biochemical interactions is unknown. Since Yap is 

a downstream target of Merlin, I plan to identify specific therapeutic targets that can inhibit Nf2-mediated tumor growth 

in the context of Hippo-signaling. To do this, I will be making use of reporter cell system developed in my lab and a high 

throughput screen performed in collaboration with Harvard Medical School. The screen will allow for me to 

systematically knockdown each gene in the human genome, and identify unique genes that are specifically responsible for 

Nf2 mediated Hippo pathway activation. Furthermore, the identification of these novel genes may allow for a new focus 

on pharmacological targeting and therapeutic treatments for NF2. 

 
   

2. KEYWORDS:  
 
Hippo, NF2, Yap1, Taz, TEAD, RNAi, Merlin, Neurofibromatosis, Organ Size, Tumorigenesis, Reporter, Screening. 

 
3. OVERALL PROJECT SUMMARY:  

 
Current Objectives:  Develop TEAD-reporter cell line that is responsive to NF2-loss, highly reproducible and can be 

utilized for high throughput screening. 

Results: Several cell lines during the reporting period have been developed, including HEI-193 TBS-mCherry, HEI-193 

TBS-Luciferase, HaCaT-TBS-Luciferase. These reporter cell lines were fully characterized in terms of growth, levels of 

reporter activity, responsiveness to NF2 loss and effective dynamic range. Following infection and selection of the cell 

lines for ones carrying a copy of the TEAD-reporter, clonal cell lines went on to be further evaluated. Characterization of 

the monoclonal TEAD-reporter lines (TBS-mCherry, TBS-luc) was performed by initially testing growth kinetics 

compared to the parental cell lines using standard MTS-assays. Once several cell clones were identified that displayed 
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similar growth kinetics to the parental controls, they were then tested for responsiveness to NF2-loss. In the absence of 

NF2, the TBS-reporter becomes active and one should visualize an increase in mCherry fluorescence or an increase in 

bioluminescence for the TBS-luciferase lines. Initial testing of 35 clones from each cell line resulted in 10 clones that 

have a robust increase in reporter activation. The remaining clones also displayed substantial fold-changes of TBS-

activation over the control, but we limited it to the top 10 clones for simplicity. These remaining clones were further 

tested for their dynamic range by RNAi knockdown of Yap1, Taz and TEAD1. This was performed under two different 

contexts. The first context was to understand what the baseline levels of Hippo activity are in these cell lines by knocking 

town TEAD, YAP and TAZ and comparing to the non-transfected lines. These data indicated to us that there is a basal 

level of TBS-activity, and by knocking down either Yap1, Taz, or TEAD1 we can further reduce this activity by 5-fold 

(vs. the untreated controls). The second context was to understand how far we can suppress the activation of the reporter 

by artificially activated it using siRNA’s targeting NF2. By simultaneous knockdown of NF2 and Yap1, Taz, or TEAD1 

we are able to reduce the activity of the reporter by approximately 15-fold over the control (knockdown of NF2 alone).  

 
 

4. KEY RESEARCH ACCOMPLISHMENTS:   
 
Tools (Reporter plasmids and highly sensitive cell lines) have been generated for the Neurofibromatosis research 
community to identify and subsequently validate the impact of NF2-specific therapeutics on the Hippo signaling 
pathway. 
 

5. CONCLUSION:  
 

The initial goals of this CDMRP-award were to make use of an existing human schwannoma cell-line (HEI-193) for a 

high throughout RNAi screen to identify novel genes that could selectively inhibit NF2-mediated Yap1 activation.  

 

During the duration of this grant, I successfully published a first author paper (Cell, Volume 144, Issue 5, 782-795, 4 

March 2011) identifying that cell-cell contacts are responsible for Yap1 activation. It is widely accepted that the gene, 

NF2, exists in cell-cell contacts, however, its precise role at these sites is not well understood.  

 

It was following this that I embarked on a genome-wide RNAi screen (~23,000 genes) to identify therapeutic targets of 

NF2-mediated Yap1 activation. The rationale for this was to identify a signaling pathway that we could selectively 

inhibit using known small molecule inhibitors. The genome wide RNAi screen revealed approximately 150 genes that 

act downstream of NF2, that in their absence or inhibition results in at least a 50% reduction in  
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Yap1 activity. I have also identified a handful of genes (Zinc finger nucleases and proteases) that would be considered 

the strongest downstream therapeutic targets for NF2-mediated Yap1 activation. These are genes that we are currently 

pursuing in the lab to better understand the biochemical relationship between these genes and NF2. 

Using this knowledge, we have set up the small molecule screen containing both positive and negative controls. 

Fortunately, we were able to identify a potent inhibitor of NF2-mediated Yap1 activation, Okadaic Acid, however, the 

target, PP2A, is quite promiscuous and not selective to NF2-signaling, as such, this gene is not well suited as a 

therapeutic target.  

 

I have created HEI-193 cells that contain the TBS-mCherry and TBS-Luciferase reporter, additionally; I have created 

HEI-193 cells that also now express NF2. Both of these cell lines are used for the small molecule screen, firstly to 

identify potent inhibitors of NF2-mediated Yap1-activity, and secondly, to identify inhibitors that could potentially be 

Yap1-agonists. Using the data I obtained from the genome-wide RNAi screen, it became apparent that inhibitors of 

MAPK/JNK signaling results in enhanced Yap1 activity. It is possible that using agonists of this pathway may 

selectively inhibit NF2-mediated Yap1 activity. I have so far been unsuccessful at obtaining the selective MLK1 

inhibitor, CEP-1347 from Cephalon Inc. to test this hypothesis.   

 

I am currently in the screening phase of this project, and will likely have data in the next 6-weeks. However, much 

information was garnered from the genome-wide siRNA screen, and I am currently in the process of following up on 

several novel genes of interest that could potentially serve as a starting point for developing new selective therapeutics 

for NF2.  

We have currently bred NF2 fl/fl (conditional-null) mice to Yap1 fl/fl (conditional-null), and we are now in the process 

of crossing these mice to P0-cre to identify if Yap1 deletion can prevent schwannoma formation.  
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