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Small proline-rich protein 2A is a gut bactericidal
protein deployed during helminth infection
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INTRODUCTION: The mammalian intestinal tract
is colonized with bacteria, fungi, viruses, and
parasites, which present a diverse array of im-
munological challenges. A number of antimi-
crobial mechanisms have evolved to cope with
these challenges. A key defense mechanism
is the production of antimicrobial proteins
(AMPs), which rapidly inactivate microorgan-
isms by targeting their cell wall or cell mem-
brane structures. However, we still have a
limited understanding of the repertoire of gut
AMPs and how these AMPs work cooperatively
to regulate intestinal microbial communities
and protect against infection in varied immu-
nological settings.

RATIONALE: Prior studies have shown that the
gene encoding small proline-rich protein 2A
(SPRR2A) is highly up-regulated in the mouse
small intestine after colonization with com-

testinal immunological responses and cause
epithelial damage and increased tissue inva-
sion by intestinal bacteria. We therefore also
addressed the molecular basis for SPRR2A
up-regulation and its physiological role during
helminth infection in our study.

RESULTS: We report that SPRR2A is an intes-
tinal bactericidal protein that is not phyloge-
netically related to any previously discovered
mammalian AMP. Experiments in mice re-
vealed that SPRR2A was induced by the in-
testinal microbiota in specialized secretory
cell lineages (Paneth cells and goblet cells) of
the intestinal epithelium. SPRR2A was also
expressed in the human intestine, where it se-
lectively localized to goblet cells. Transcripts
encoding SPRR2A were detected in large in-
testinal biopsies and stool from inflammatory
bowel disease patients but not from those of

We generated Sprr2a-deficient mice and
found that overall bacterial loads remained the
same. However, the absence of SPRR2A led to
the expansion of Gram-positive bacteria in the
small intestinal lumen and mucus layer, con-
sistent with the selective bactericidal activity of
SPRR2A against Gram-positive bacteria in vitro.
Sprr2a-deficient mice also showed an increased
susceptibility to infection by Listeria mono-
cytogenes, a Gram-positive intestinal pathogen.

Intestinal helminth infections can cause
damage to the intestinal epithelium, which
promotes bacterial breach of the intestinal
barrier and highlights the need for AMP ex-
pression during infection with these parasitic
worms. Although other AMPs [such as regen-
erating family member 3 gamma (REG3G)
and lysozyme] showed reduced expression
during infection of mice with the intestinal
helminth Heligmosomoides polygyrus, SPRR2A
expression was induced above the levels elicited
by bacterial colonization. Helminth infection
elicits the production of type 2 cytokines, such
as interleukin (IL)–4 and IL-13. SPRR2A dif-
fered from other intestinal AMPs in that it was
further induced by type 2 cytokines during
infection. Accordingly, Sprr2a induction during
helminth infection required STAT6, a tran-
scription factor that acts downstream of IL-4
and IL-13 to induce type 2 immunity. Finally,
SPRR2A was necessary to prevent intestinal
bacteria, mainly the Gram-positive subset,
from invading the intestinal barrier during
H. polygyrus infection.
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