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Abstract

The human colon epithelium is characterized by millions of very small pits, called
crypts. Each crypt is a compartment containing different types of cells. In normal human
colonic crypts, the cells renew completely each 5-6 days, through an harmonious and
ordered procedure which includes the proliferation of cells, their migration along the
crypt wall towards the top and their apoptosis, as they reach the orifice of the crypt.
Colorectal carcinoma occurs as a consequence of several genetic mutations in normal
colonic mucosa, determining phenotypic modifications with biological and morphologic
consequences [1]. Those modifications lead to dysfunction of the cellular process and
cause loss of homeostasis in colonic crypts.

It is believed that aberrant crypt foci (ACF) are the precursors of colon cancer [2].
These are clusters of crypts, that present an abnormal morphology, because they contain
cells with a deviant behavior with respect to the normal ones. ACF can be detected in
vivo in conventional colonoscopy, by the instillation of a dye. In fact, it is known that a few
minutes after the instillation ACF stain darker than normal crypts. There is no scientific
agreement about the ACF morphogenesis. In the top-down theory, the appearance of
abnormal cells occurs in the mucosa surface and afterwards they spread laterally and
inside the crypts [3]. Instead, in the bottom-up theory, abnormal cells appear first in the
bottom of the crypt, where they are prone to accumulate genetic alterations due to high
cellular proliferation rate, and after they migrate to the crypt orifice [4].
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We propose a cell dynamics model, based on homogenization techniques, for simulating
in silico the evolution of ACF (see [5]).

The colon is modeled as an heterogeneous two-dimensional media perforated by crypts,
that are periodically distributed. The model consists of a system coupling a parabolic and
an elliptic equation, whose unknowns are respectively, the density of abnormal cells and
the pressure generated by the cell proliferation. We note that we assume that these
abnormal cells have the property to proliferate not only inside the crypt as done by
normal cells, but also outside the crypt. This property is believed to be responsible for
abnormal cells to invade neighbor crypts and can induce crypt fission and the formation of
an adenoma [1, 6]. Then, to the heterogenous periodic model, homogenization techniques
are applied, to find a simpler model, whose solution symbolizes the averaged behavior of
ACF at the tissue level. We emphasize that with the homogenization technique we can
perceive alterations at the surface of the colon epithelium, by using the information of
what happens inside the crypts at the cellular level. Some theoretical results concerning
the existence of solution of the homogenized model are proven, applying a fixed point
theorem. Numerical results showing the convergence of the heterogeneous periodic model
to the homogenized one are also presented.
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