
Intestinal Homeostasis 
Small intestine is responsible for:
• Food digestion 
• Nutrient Absorption 
The small intestinal epithelium contains:
• Villus: Finger like projects that contain differentiated cells

• Location for BMP signaling  
• Crypt: Invaginations where stem cell proliferation occurs 

• Location for Wnt- ! Catenin signaling 

Figure (1A) The small intestinal epithelium contains crypt and villus regions. 
(1B) Wnt signaling is responsible for stem cell proliferation and BMP 
signaling is responsible for stem cell differentiation2
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Oncogenesis Promotion

CDX2 – A pro-differentiation factor and is 
known to be a tumor suppressor 

BRAF – A proto-oncogene that is implicated in 
the MAPK pathway to promote cellular 
proliferation.

BRAFV600E/+ is the most common BRAF 
mutation correlated to colorectal cancer 

CDX2 KO; BRAFV600E/+ mutations promote 
oncogenesis and are correlated to an 
upregulation of fetal genes. 

Figure (2A) Organoids show elevated 
proliferation levels in CDX2 KO; BRAFV600E/+ 

mutants. (2B)The GSEA enrichment plot 
highlights a regenerative program present in 
CDX2 KO; BRAFV600E/+ mutants 
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YAP and Fetal Gene Signature

Previous literature has identified a tissue 
maintenance program that activates a fetal 
like transcriptional program in the intestine’s 
response to injury4. However, the 
mechanism in which this reversion occurs 
and its relation to oncogenesis progression is 
not entirely understood4.
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Intestinal Stem Cell GSEA Targeted Question and Hypothesis 

• What prompts the intestine to revert to a fetal like state?
• Does this mechanism play a role in the progression of oncogenesis?
• If so,  how do common mutations implicated in CRC relate to YAP/TAZ or NRG1?

Hypotheses: 
1.) YAP/TAZ remodel the tumor microenvironment and drive cancer stem cell 
proliferation. In doing so, the intestine shifts towards a “stem like state.”
2.) NRG1 is activated in stromal cells near crypts in response to injury, activating 
MAPK and PI3K-AKT signaling. As a result, the intestine supports a regeneration 
mechanism that promotes proliferation.  

The Effects of YAP/TAZ

Yap and Taz: 
• Transcriptional Regulators 
Cell-autonomous function:
• Cancer cells are dependent on YAP/TAZ for 

transcription  
Non-cell autonomous functions :
• YAP/ TAZ activation in non-cancer cells 
• Accumulation of YAP/TAZ determines normal 

cell fate
• Competition between mutant and normal 

cells
Figure (6) YAP/TAZ have cell autonomous functions as 
well as non-cell-autonomous functions5

Future Experimental Timeline

Method 1: Organoid EGF & NRG1 Growth Assay  Method 2: Western Blot Analysis 

Imaging

Method 1: 
• Treat passaged organoids with NRG1 and EGF
• Observe growth patterns between wild type and 

mutant organoids 
• Understand proliferation patterns upon elevated 

levels of NRG1 
Method 2: 
• Perform western blot on protein samples and 

probe with a Phospho-YAP antibody 
• Detect presence of YAP protein in mutant tissue  (Days)
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NRG1: 
• Neuregulin -family of 

signaling proteins 
• Bind to receptor tyrosine 

kinases (RTKs)
Elevated expression of NRG1 
following injury results in: 
• Phosphorylation of the 

kinase domain in 
transmembrane RTKs

• Downstream MAPK and 
PI3K-AKT activation

• Proliferation of intestinal 
epithelium 

• Cellular transformation

Figure (8A) Intestinal organoids which are small epithelial-like structures that are physiologically 
similar to the tissue of the gastrointestinal tract. Organoids will allow us to observe growth  
differences between WT and mutants in an in vitro model Figure (8B) Western blot will allow us 
to detect YAP protein levels in WT and mutant villus samples. 

Figure (5) Elevated 
levels of NRG1 
highlight the 
enrichment of 
intestinal stem cell 
genes. There is a 
shift from a 
progenitor identity 
to a stem-like 
state3. 

Figure (3) GSEA shows an upregulation 
of YAP genes upon loss of CDX2. Figure 
(4) Previous literature has shown an 
upregulation of fetal genes in crypts 
overlying granulomas4.
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Figure (7) The MAPK and PI3K-AKT pathways play a 
critical role in activating proliferative gene expression1. 
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