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t is a truism that “the eye sees
Ionly what the mind is prepared
to comprehend.” Depending on the
lens, cellular fusion can be viewed as
either a rare phenomenon with little
importance to the intestine, or a
ubiquitous biological mechanism with
relevance to malignant and regener-
ative processes within the intestine,
as well as throughout the entire
body.

Although fusion occurs at low
levels in the homeostatic gut,1 experi-
mental models designed to quantify
the burden of hybrid cells are fraught
with challenges, and even subtle dif-
ferences in assays can alter detection
sensitivity; thus, variability in reported
results is not unexpected and should
be interpreted appropriately by exam-
ining all relevant evidence. Although
horizontal gene transfer and trans-
differentiation were suggested as
alternative interpretations of co-
expressed markers found in multiple
fusion models, other studies have
refuted these explanations. Only ge-
netic transfer on the chromosomal
scale could explain these observed
findings, which has not been shown in
organisms more complex than fungi,2

while transdifferentiation was largely
refuted by Alvarez-Dolado et al3 and
others. In addition, methodologies
relying on genetic markers—such as
Y-chromosomes or transgenes—are
theoretically less prone to false positives,
but remain susceptible to false negatives
in instances in which fusion occurs but
genetic material from one fusion partner
is subsequently lost or inactivated.
Therefore, it is more likely that the full
spectrum to which fusion impacts the
intestine is greater than suggested by
available methodologies.4

Understanding that the true
importance of seemingly trivial ho-
meostatic mechanisms often are un-
covered when augmented in pathologic
states,5 studies in disease models pro-
vide valuable insight on the diverse
effects of fusion. Malignancy illustrates
the most visible argument for the im-
plications of cell fusion in the intestine,
contributing to key steps along the
entirety of the metastatic cascade.6

Heightened levels of epithelial cell
fusion in murine models of colitis1 and
human graft-versus-host disease7 un-
derline the importance of fusion in in-
testinal inflammation and repair.
Furthermore, the participation of
various cell lineages in intestinal
epithelial regeneration depends both
on the extent (superficial mucosal vs
crypt) and physiologic context of the
injury (chemical, physical, autoim-
mune, or radiation-induced).8

Although the findings of the Shivda-
sani and Vermeulen labs are limited to
irradiation,9,10 the possible permuta-
tions of intestinal injury and repair are
many, for which fusion may engage
mechanisms involved in mesenchymal
remodeling, crypt restructuring, and
immune-epithelial interaction—all
important features of gut health
restoration, highlighting the important
point that physiologic context matters.

Finally, we would argue a critical
philosophical point: dispensability or
rarity do not equal unimportance. The
biology of complex organisms is rife
with redundant processes that confer
resilience. These processes are indi-
vidually dispensable, yet are relevant
nonetheless—intestinal fusion is no
different, and may in fact have unrec-
ognized roles beyond pure organ
regeneration. We previously detailed
evidence for fusion-mediated epige-
netic or transcriptomic heterogeneity
among a previously monoclonal popu-
lation.11 That resulting diversity may
represent a resilience mechanism in an
intestine exposed to myriad chemical,
physical, and pathogenic threats. These
possibilities are as yet unexplored, and
we would echo the words of Hamlet:
“there are more things in heaven and
earth . than are dreamt of in your
philosophy.”12 We look forward to
future revelations on the importance of
cell fusion in regeneration, malignancy,
and in currently uncharted fields so
that our philosophy may continue to
broaden.
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