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Foreword

Eukaryotic cells have evolved over time to face and adapt to diverse changing environments 
and yet maintain functional equilibrium. Most of the cells in a multi-cellular, eukaryotic 
organism show some sort of polarity, defined as the anisotropic distribution of cellular 
components to perform distinct cellular functions. It refers to the asymmetric distribution 
of intracellular organelles, cytoskeleton, or the cell surface components. This asymmetry 
confers unique properties to cells helping them multi-task in specific niches of multi-
cellular body.  The polarization of the cell is tightly regulated and is connected to many 
aspects of cell biology including cell differentiation, intracellular signal transduction, 
cytoskeletal reorganization, migration, and cell division.   

The interface between the outside world and a multi-cellular organism is largely 
protected universally by a lining of epithelial cells. Epithelial tissues line the cavities and 
surfaces of organs throughout the body and also form many glands. Though there is an 
enormous diversity within the epithelial cells of higher organisms, they are united by the 
fact that they are all apico-basally polarized cells, i.e. they can differentiate their surfaces 
between what is above and what is below / adjacent. Such a sophisticated arrangement 
confers differential functions to surface domains which face varying environments. That 
is why it does not come as a surprise that functions like polarized secretion, selective 
absorption, mechano-transduction, chemo-transduction, trans-cellular transport, are 
performed by epithelial cells.  

One of the greatest expansions of the cell surface area is needed in gut, where 
small and large intestines are intensively challenged to absorb nutrients, ions, and water 
for efficient utilization of food. Enterocytes - intestinal epithelial cells - that cover the 
outer lining of the intestine allow for this efficient passage of food and water. Finger-like 
protrusions of the intestine (called villi, Latin for shaggy hair) significantly enhance the 
absorptive surface, but a second order of expansion happens occurs at the microscopic 
level by means of protrusions on the lumen-facing surface of the cell, called micro-villi 
(a.k.a brush border).  Most of the absorptive enzymes and ion transporters that need to 
be apically localized are positioned on these membrane protrusions and, hence, the brush 
border greatly increases the potential of the intestine to absorb nutrients.  

These microvilli are very dynamic and are finely regulated by intracellular processes.   
Deregulation of the dynamics, and maintenance or formation of the brush border have 
significant repercussions on the ability to absorb nutrients and are implicated as major 
cause of diarrhea.  Thus, a plethora of enteric pathogens use these organelles for entry / 
exit and, while taking the cell hostage, disturb the pathways in the cell that affect brush 
border function. Moreover, in several cases of non-pathogen mediated diarrhea, apart 
from toxins and chemicals, genetic origins have been discovered which cause osmotic 
or secretory diarrhea, many of which also affect brush border organization and function.   



Though the composition of microvilli is well studied, relatively little is known about how 
microvilli develop, organize, and which genes and intra-cellular factors regulate microvilli 
dynamics.   

In the pursuit of studying how brush border develops, we have focussed our attention 
on a rare form of a lethal congenital diarrheal disorder: Microvillus inclusion disease 
(Davidson’s disease). Patients with this disease show chronic secretory diarrhea that 
starts soon after birth. Intestinal epithelia show a drastic loss of brush border at the 
apical surface.  Some of the cells have microvilli stuck inside the cytoplasm in the form of 
dense inclusion bodies seen by electron microscopy (hence the name).  Mutations in the 
gene MYO5B associated with this disease were discovered in 2008 but how the disease 
develops is still unknown.  With the study of the pathogenesis of this disease, our aim is to 
contribute towards understanding of the connecting pathways involved in the formation 
of a healthy, organized brush border and gain ground in moving towards a therapy for 
brush border related diseases.  
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