
Intestinal attraction: CCL25 functions in effector lymphocyte
recruitment to the small intestine

Daniel J. Campbell, Eugene C. Butcher

J Clin Invest. 2002;110(8):1079-1081. https://doi.org/10.1172/JCI16946.

A large surface area and continuous exposure to the outside environment through food intake make the intestines an
ideal location for the growth and/or entry of pathogenic micro-organisms and parasites. It is therefore not surprising that
large numbers of lymphocytes are associated with the intestines within specialized gut-associated lymphoid tissues
(GALT) and in the intestines themselves (1). Within the intestines, lymphocytes are localized in two main compartments,
the lamina propria (LP) and the intestinal epithelium (IE). Intestinal intraepithelial lymphocytes (IELs) consist mainly of
cytotoxic T cells and have been divided into two subsets, type a and type b, based on their mode of antigen recognition
(2). Responses of type a IELs are MHC restricted and directed against peptides derived from invading pathogens. Type b
IELs display limited T cell receptor (TCR) diversity (both αβ and γδ TCRs are uti-lized), are not restricted by classical
MHC molecules, and are thought to be largely autoreactive, recognizing nonpolymorphic stress-induced proteins
displayed by infected or damaged epithelial cells. Lamina propria lymphocytes (LPLs) and type a IELs are believed to be
derived from lymphocytes that recognized antigen in GALT, but the molecules that direct their migration to the intestines
are not completely understood (3). In this issue of the JCI, Svensson et al. (4) demonstrate that expression of the
chemokine receptor CCR9 is selectively maintained […]
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A large surface area and continuous
exposure to the outside environment
through food intake make the intes-
tines an ideal location for the growth
and/or entry of pathogenic micro-
organisms and parasites. It is there-
fore not surprising that large num-
bers of lymphocytes are associated
with the intestines within specialized
gut-associated lymphoid tissues
(GALT) and in the intestines them-
selves (1). Within the intestines, lym-
phocytes are localized in two main
compartments, the lamina propria
(LP) and the intestinal epithelium
(IE). Intestinal intraepithelial lym-
phocytes (IELs) consist mainly of
cytotoxic T cells and have been divid-
ed into two subsets, type a and type b,
based on their mode of antigen recog-
nition (2). Responses of type a IELs
are MHC restricted and directed
against peptides derived from invad-
ing pathogens. Type b IELs display
limited T cell receptor (TCR) diversi-
ty (both αβ and γδ TCRs are uti-
lized), are not restricted by classical 
MHC molecules, and are thought to 
be largely autoreactive, recognizing 

nonpolymorphic stress-induced pro-
teins displayed by infected or dam-
aged epithelial cells.

Lamina propria lymphocytes (LPLs)
and type a IELs are believed to be
derived from lymphocytes that recog-
nized antigen in GALT, but the mole-
cules that direct their migration to the
intestines are not completely under-
stood (3). In this issue of the JCI,
Svensson et al. (4) demonstrate that
expression of the chemokine receptor
CCR9 is selectively maintained on
CD8+ T cells activated in the GALT
and that neutralization of the CCR9
ligand CCL25 strongly inhibits the
accumulation of these cells in the type
a IEL compartment (Figure 1). These
results mark the first direct demon-
stration of a functional role for a
chemokine/receptor pair in normal
lymphocyte localization to an intes-
tinal effector site.

CCL25 and intestinal 
lymphocyte recruitment
Lymphocyte expression of adhesion
molecules and chemokine receptors
directs their migration from the blood
into tissues. Chemokines function at
several steps in these homing pathways,
mediating firm arrest of lymphocytes
rolling along vascular endothelium in
postcapillary venules, promoting dia-
pedesis through the endothelium into
the underlying tissue parenchyma, and
segregating lymphocytes within tissues
into functional microenvironments.
The best-characterized example of these
chemokine functions involves homing
into secondary lymphoid tissues, where
the chemokines CCL21, CCL19, and
CXCL13 (through their lymphocyte
receptors CCR7 and CXCR5) mediate
the entry of naive lymphocytes and their

segregation into distinct T and B cell
areas (5). Chemokines serve analogous
functions in lymphocyte homing to
nonlymphoid effector tissues; for exam-
ple, the chemokines CCL17 and CCL27
together mediate homing of effector
lymphocytes into inflamed skin (6, 7).
Although several chemokines are
expressed within the intestines (some
quite selectively) and can mediate spe-
cific chemotaxis of gut homing lym-
phocyte populations (8), a direct role for
these molecules in intestinal lympho-
cyte homing has not been established.

Due to its highly restricted expres-
sion, CCL25 has attracted consider-
able attention as a potential intestine-
specific homing beacon (9, 10). Mice
deficient in the CCL25 receptor CCR9
have been generated by two groups,
each showing relatively minor (and
somewhat conflicting) defects in IELs
(11, 12). However, in the knockout ani-
mals, homeostatic mechanisms may
compensate for any decreased lym-
phocyte homing to the intestinal
epithelium. Additionally, some of the
defects observed may be due to altered
IEL development, since type b IELs are
thought to arise in the intestinal cryp-
topatches, a site of CCL25 expression
(13). By neutralizing CCL25 in vivo
with a blocking antibody, Svensson et
al. (4) directly demonstrate that
CCL25 and CCR9 function in recruit-
ing effector lymphocytes to the small
intestinal epithelium following their
activation in GALT.

The precise role of CCL25 in lym-
phocyte homing to the IE remains to
be determined. In addition to expres-
sion by small intestinal IELs, CCR9 is
also found on all CD4+ and CD8+ small
intestinal LPLs (9), and IgA antibody-
secreting cells (ASCs) isolated from
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GALT or the small intestinal LP are
CCL25 responsive (14). CCL25 protein
is found both within the crypts and
lower villi of the intestinal epithelium
and on the luminal surface of the vas-
cular endothelium within the human
small intestine (9, 10). Thus, it seems
unlikely that CCL25 and CCR9 func-
tion to segregate LPLs and IELs. More
likely, CCL25 mediates lymphocyte
entry into the small intestine by pro-
moting rapid adhesion in vascular
endothelium or transmigration into
the LP, where other chemoattractant or
adhesive interactions subsequently sep-
arate IELs from LPLs. In this regard, it
will be interesting to determine the
effects of blocking CCL25 on the local-
ization of CD4+ T cells and IgA ASCs to
the small intestinal LP. In addition,
while many mucosal tissues contain
LPLs and IELs, CCL25 is found only in
the small intestine, and the
chemokines performing analogous
functions in other mucosal sites
remain to be identified. Of interest is
the closely related chemokine CCL28,
which is expressed by epithelial cells in
several mucosal tissues (15, 16).

Lymphocyte activation in the unique
GALT environment
The second major finding of Svensson
et al. is that CD8+ T cells activated in
GALT (compared with peripheral
lymph nodes [PLN]) selectively retain

CCR9 expression (4). This is consistent
with classic studies showing that lym-
phoblasts collected from GALT dis-
play intestinal tropism (17) as well as
with our own, more recent, work
demonstrating that CD4+ T cells acti-
vated in GALT express the intestinal
homing integrin α4β7 and respond to
CCL25 (18). In addition, co-expression
of CCR9 and IgA suggests that B cells
activated in GALT also selectively
express this intestinal homing recep-
tor (14). Thus, it appears that GALT
are unique among secondary lym-
phoid tissues in their ability to induce
or select for lymphocytes with intes-
tinal homing tropism.

The signals directing lymphocyte
expression of CCR9 and α4β7 in
GALT remain poorly understood.
CCL25 mRNA has been detected in
the follicle-associated epithelium of
Peyer’s patches (PP) (19), so it is pos-
sible that CCR9 expression is regu-
lated through a positive feedback
loop. However, CCR9 expression has
been observed on T cells activated in
the mesenteric lymph nodes (MLN),
which lack this CCL25+ epithelium
(4, 18). Thus, although positive feed-
back may help reinforce CCR9
expression on cells activated in PP, a
more likely scenario is one in which
dendritic cells (DCs) presenting anti-
gens in GALT express an intestine-
specific complement of costimulato-

ry molecules and cytokines. Upon T
cell activation, these DCs then direct
(or select for) T cell expression of
appropriate intestinal adhesion and
chemokine receptors. During B cell
activation and differentiation in ger-
minal centers, CD4+ T cells can then
pass this information along to anti-
gen-specific B cells, along with
instructions to switch to the mucos-
al isotype IgA. Consistent with this
model, induction of mucosal versus
peripheral CD8+ cytotoxic effector T
cells depends on different sets of co-
stimulatory interactions (20).

Concluding remarks
Lymphocyte homing to the intestines
is critical for defense against enteric
pathogens. However, these same
processes likely contribute to the
pathology of intestinal autoimmune
and inflammatory diseases. Thus,
chemokines such as CCL25 that par-
ticipate in recruitment of intestinal
lymphocytes make attractive targets
for development of tissue-specific
anti-inflammatory drugs. In addi-
tion, the development of gut-tropic
lymphocytes in GALT represents a
poorly characterized pathway of lym-
phocyte differentiation, with impli-
cations for production of effective
mucosal and systemic vaccines. Fur-
ther study of these processes will cer-
tainly lead to new insights into lym-
phocyte biology and the complex
interplay between the immune sys-
tem and mucosal tissues.
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Figure 1
A subset of naive CD8+ T cells recognizing antigen (Ag) in GALT, but not PLNs, selectively retains
CCR9 expression and is targeted to the small intestinal epithelium (4). Selective expression of adhe-
sion molecules such as α4β7 and αEβ7 are also likely to contribute to this tropism (18). Within the
small intestine, CCL25 produced by IE mediates homing of effector CD8+ T cells by promoting
rapid adhesion, diapedesis, and/or entry of cells into the IE (8).
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