
  
Short Abstract - Epithelial metaplasia, the morphing of small 
intestinal mucosa into colon-like tissue, is seen after surgical 
treatment of ulcerative colitis (UC). Inflammation is known to 
be associated with metaplasia in the reconstructed intestinal 
pouch, but the mechanisms by which the histological 
transformation occurs, and the functional consequences 
thereof, are unclear.  Appropriate contextualization of the role 
of inflammation in metaplasia requires understanding the 
cellular control system that determines the epithelial crypt-
villus architecture. We have developed a spatially explicit 
multi-scale gut model (MSGM), in order to dynamically 
represent existing knowledge concerning the behavior of gut 
epithelial tissue, and to help posit and visualize plausible 
mechanistic relationships between molecular and genetic 
entities of interest and provide predictions as to the most 
promising lines of future inquiry. 
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I. PURPOSE 
Ulcerative colitis (UC) is a form of inflammatory bowel 

disease characterized by a spatially continuous inflammation 
of the colon [1]. The ultimate treatment for UC is total 
proctocolectomy with illeal-pouch anastomosis, where the 
colon is removed and the small intestine is reshaped into a 
“pouch” to act as a reservoir for waste. Approximately 50% 
of patients with an illeal pouch will experience inflammation 
known as pouchitis, which can become a chronic problem..   

Metaplasia of the illeal mucosa, the transformation of 
illeal mucosa into tissue more similar to the colon (villus 
atrophy, crypt hyperplasia, and increased goblet cells), is 
known to be a precondition for the development of 
pouchitis. Recent studies [2] have suggested that metaplasia 
results from continuous low-grade inflammation, but the 
dynamics of this process are poorly characterized.  

Dynamic computational modeling, and specifically agent-
based modeling, can aid in parsing the relative contribution 
of the various interconnected components involved in 
metaplastic transformation. Pouch metaplasia is particularly 
well suited to the application of agent-based modeling, as 
the phenotypic characteristics of metaplasia are inherently 
spatial and topographical (being based on histological 
images), arising from the behaviors of interacting agents (i.e. 
cells).  While there is a great deal of interest in the respective 
genes and proteins involved in metaplasia, the histological 
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characterization of metaplasia remains the reference 
phenotype for contextualization of this information.  

II. RESULTS 
The MSGM produced recognizable behavior under 

various durations of inflammatory stimuli extending from 
rapid reversal of tissue damage with minimal morphological 
changes extending to complete tissue death, with persistent 
alterations in tissue patterns most notable at longer durations 
inflammation. Simulations demonstrate the role of anti-
inflammatory cytokines and the importance of signaling 
through toll-like receptors, in the progression of the 
inflammatory process. The MSGM identifies regions of 
parameter space in which the epithelial tissue in the ileum 
will heal in response to injury, present chronic inflammation, 
or die by necrosis, and suggests parameter configurations 
that predispose to chronic inflammatory states consistent 
with UC and pouchitis. 

 

 
Figure 1: Output from the MSGM: a healthy ileum is shown on the left; 
metaplasia is shown on the right. Note the transition in the crypt-villus 
relationship seen in metaplasia. 

III. CONCLUSION 
The MSGM dynamically represents existing knowledge of 
gut tissue patterning and acute inflammation, and provides a 
link between dynamic modeling of cellular and molecular 
pathways and higher-order histological data. The MSGM 
posits points of cross-talk between morphogenesis and 
inflammation, and suggests putative dynamic relationships 
present in a chronic disease. Future work will include 
evaluating the predictions made by the MSGM with 
genomic, transcriptomic and proteomic data collected from 
both in vivo and clinical samples. 
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