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Recent studies from our laboratory 
revealed that enterocyte brush bor-

der microvilli release small vesicles laden 
with host defense machinery into the 
intestinal lumen. In this addendum, we 
introduce a multi-faceted model for the 
function of these lumenal vesicles in the 
gut; we also consider some of the impor-
tant unanswered questions that must be 
addressed in order to develop our under-
standing of this novel aspect of innate 
intestinal immunity.

The intestinal lumen is home to an 
astoundingly large population of microbes, 
many of which contribute to normal 
physiological function.1 To prevent these 
and other, potentially pathogenic bacteria 
from stimulating inflammation in host 
tissues, the lumen is enclosed by a tightly 
regulated barrier formed from a mono-
layer of intestinal epithelial cells, also 
referred to as “enterocytes.” Enterocytes 
carry out both absorption and barrier 
functions in part via an apical array of 
actin-based microvilli collectively known 
as the brush border. While a significant 
percentage of brush border proteins are 
involved in nutrient processing, nutri-
ent absorption and the maintenance of 
microvillar structure, others play roles 
in host defense.2 Among the most abun-
dant of these is intestinal alkaline phos-
phatase (IAP), a GPI-anchored enzyme 
responsible for cleaving phosphate groups 
from bacterial compounds, including the 
potent pro-inflammatory toxin, lipopoly-
saccharide (LPS).3 Dephosphorylation of 
these molecules renders them less effective 
at activating host cell toll-like receptors 
(TLRs).4,5 Studies in the last decade have 
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demonstrated that IAP expression is stim-
ulated by intestinal microbes6 and that 
the resulting higher levels of IAP protect 
against microbe-induced inflammation.7,8 
Moreover, treatment with exogenous IAP 
can limit inflammation upon toxigenic 
insult in vivo.9,10 Thus, IAP is a critical 
component of innate intestinal immunity.

Work in our laboratory previously 
demonstrated that specialized mem-
brane vesicles (lumenal vesicles, LVs) are 
released from the distal tips of enterocyte 
microvilli.11,12 Biochemical analysis of LVs 
revealed that IAP11 is concentrated on the 
lumenal surface of these membranes;11 
such topology would allow the enzyme 
access to lumenal toxins and further sug-
gested a physiological function for LVs 
in host defense. Our more recent studies 
showed that LVs are in fact able to inter-
act with and limit the pro-inflammatory 
potential of both bacteria and bacterial 
products.13 Based on these recently pub-
lished findings, we propose a multi-fac-
eted model for LV function in gut host 
defense (Fig. 1). First, IAP-enriched LVs 
are released into the intestinal lumen 
where they likely function in detoxify-
ing pro-inflammatory bacterial toxins 
such as LPS, which accumulate during 
the bacterial life cycle. Second, LVs also 
bind directly to bacteria, which may 
serve to aggregate microbes and facili-
tate their clearance from the intestine, or 
prevent the adherence of virulent species 
to the enterocyte apical surface, thereby 
reducing the probability of infection. 
Finally, because LVs also exhibit bacteri-
cidal properties, they might regulate the 
gut microbiota by preventing harmful 
overgrowth.
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myosin-1d.15 In this light, additional 
animal models that demonstrate more 
complete loss of LV production must be 
developed before we can fully appreciate 
the full range of LV functions in vivo.

Several important questions regarding 
the mechanism of LV production remain 
unanswered. How is the GPI-anchored 
protein IAP targeted to microvillar tips, 
and why is this enrichment lost in the 
Myo1a KO brush border?11 Our unpub-
lished observations show that microvil-
lar tips are enriched in cholesterol, which 
provides the backbone for lipid raft for-
mation.16 Moreover, microvilli and LVs 
both contain raft-associated annexin A2 
as well as A13b,2,17 proteins that have been 
implicated in membrane organization and 
deformation.18 Thus, one possibility is 
that a distinct lipid raft-like environment, 
which favors high membrane curvature, 
exists at the distal tips of microvilli and 
helps to attract machinery that might drive 
LV budding. High levels of cholesterol 
would also favor the enrichment of IAP, 
which is anchored to the external leaflet via 
a GPI-anchor.19 An alternative possibility is 
that ESCRT complex components mediate 
vesicle formation. ESCRT complexes are 
involved in membrane abscission, and as 
such play a role in viral budding, cytokine-
sis and multi-vesicular body formation.20 
Given that these events are topologically 
similar to LV release from microvillar tips, 
ESCRT proteins are also good candidates 
for driving this process. Beyond these 
speculative points, a detailed investigation 
of protein and lipid composition at micro-
villar tips has yet to be described, but will 
be needed before we fully understand the 
molecular mechanism of this novel facet of 
gut host defense.

Acknowledgments

This work was supported by National 
Institutes of Health DK075555 (M.J.T.), 
American Heart Association Predoctoral 
Fellowship (D.A.S. Jr), and a Vanderbilt 
University Innovation and Discovery in 
Engineering And Science award (M.J.T.).

that a large fraction of LVs are trapped in 
the mucus layer that protects enterocytes. 
Such trapping is likely to further increase 
the effective lifetime and thus, the steady-
state level of LVs present in the gut lumen.

If LV production does play a role in 
limiting host-microbe interactions in the 
gut, defective vesicle production would be 
expected to produce significant perturba-
tions in gut homeostasis such as inflamma-
tion and a dysregulated microbiota. Mice 
that lack the shedding motor, myosin-1a 
(Myo1a), produce fewer LVs and those that 
are formed lack the characteristic enrich-
ment of IAP.11 These animal do shows 
signs of chronic low level inflammation, 
including a greater number of goblet cells 
per villus, increases in the cytokines IL-1α 
and IL-6, and shifts in the small intestine 
microbiota at the family level (unpub-
lished observations). Despite these differ-
ences, however, Myo1a KO mice show no 
overt phenotype,14 most likely as a result 
of compensatory mechanisms such as the 
expression of the closely related motor, 

One important question is whether LVs 
are produced in large enough numbers to 
exert a significant effect on gut homeosta-
sis. From a purely theoretical standpoint, 
the vast numbers of microvilli that extend 
into the lumen suggest an enormous 
potential for LV production to impact 
mucosal physiology. For example, the 
rodent small bowel contains approximately 
~1012 microvilli and an estimated ~108 
microbes. Thus, LV producing organelles 
outnumber bacterial organisms by at least 
four orders of magnitude. It is also worth 
noting that our recently described stud-
ies of LV function13 were performed using 
at most a concentration of 200 μg/ml  
(total LV protein). This level is equiva-
lent to the physiological concentration of 
LVs captured from lumen wash prepara-
tions and was sufficient to produce robust 
effects in assays of bacterial attachment 
and growth.13 Finally, although LVs can 
be collected from lumen wash samples,11,13 
our preliminary ultrastructural and 
immuno-fluorescence analyses suggest 

Figure 1. A multi-faceted role for LVs in gut homeostasis. the enterocyte brush border produces 
iAP-enriched LVs, which are found both in the gut lumen and trapped in the mucus layer. As a 
result, LVs are well positioned to: (1) detoxify soluble bacterial LPS using iAP catalytic activity, (2) 
bind lumenal bacteria to facilitate clearance and to prevent potential pathogens from adhering to 
the epithelial surface and (3) help regulate microbial populations by exerting a bactericidal effect.
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