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linked to metabolic starvation resulting in mucosal surface degeneration and
acute inflammation of the colonic epithelium (35, 37). Colonic instillation of
SCFAs has been shown to be beneficial in reducing this inflammation and
restoring homeostasis (37, 38).

Since SCFAs are the primary energy source of colonic epithelial
cells and pivotal in maintaining homeostasis, the data showing that
C4, but not isoC4 or fluoroC4, effectively potentiated differentiation
and apoptosis suggest that the effects of SCFAs are linked to fatty acid
structure and, most likely, utilization.

Unbranched, even numbered carbon atom SCFAs such as butyrate avidly
undergo B-oxidation in the mitochondria, followed by entry of the generated
acetyl-CoA into the citric acid cycle, and finally oxidative phosphorylation
(58). On the other hand, branched isobutyric acid is converted into succinyl-
CoA which enters the citric acid cycle and is used in the synthesis of glucose.
Heptafluorobutyric acid, a fluorine-substituted derivative of butyrate, is not
readily metabolized due to the high fluorine-carbon bond energy (44, 45).
Therefore, C4-potentiated differentiation, apoptosis, and accumulation of
shed cells in the conditioned media of the HT29 and SW620 colonic carci-
noma cell lines may be specific to those SCFAs which, similar to butyrate,
are not glucogenic but are fully oxidized in the mitochondria.

Epidemiological studies have linked fiber to the prevention of colon
cancer but the mechanisms involved have not been resolved (59).
Effects of fiber may, however, be complex. Poorly fermentable fiber
may act by physical means such as affecting stool bulk and transit
time (9). Fermentation of fiber, however, is the principle source of
SCFAs from 2 to 4 carbon atoms long in the colonic lumen (9, 10).
Thus, we have postulated that the protective effects of fiber may be
linked to the generation of SCFAs and that their effects, in turn, on
biochemical pathways associated with normal differentiation in co-
lonic epithelial cells (25-28). The effect on apoptosis may be the end
stage of these biochemical modulations and may be a mechanism by
which fiber reduces the risk for tumor development (8).

Although the effects of butyrate on apoptosis represent only a
2-4-fold increase in a low level of spontaneous apoptosis (2-3%; Ref.
8 and data herein), they are statistically significant and, more impor-
tant, biologically relevant. First, apoptosis is a rapid process and the
phenotype is transient (2, 33, 34, 60). Second, the level of apoptosis
detected in the adherent population is kept low by the fact that
apoptotic cells detach and accumulate in the media (Ref. 8 and data
herein). However, even these low rates are highly important. Bursch
et al. (61) have demonstrated that a measurable level of approximately
3% apoptotic cells, similar to that present in this study, can result in
tissue regression of 25% over several days if not balanced by prolif-
eration. Finally, the increased apoptosis of 2—4-fold is clearly relevant
in the context of potential SCFA effects on relative cancer risk.
Epidemiologically, changes in relative risk of 2-3-fold associated
with dietary exposures can be highly significant (62), and these
alterations in relative risk are integrated values over decades of dietary
exposure. Thus, the biochemical and cellular alterations in the mucosa
brought about by dietary factors which affect relative risk in the
general population are likely to be subtle.
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