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ABSTRACT
IBDs are characterized by increased influx of immune
cells to the mucosa of genetically susceptible persons.
Cellular migration to injury sites is mediated by chemo-
kines. CXCL12 is a ubiquitous, constitutive chemokine
that participates in stem cell proliferation and migration
and mediates T lymphocyte migration to inflamed tis-
sues. We have recently reported that CXCL12 and its
receptor, CXCR4, are expressed in normal and more
prominently, inflamed human intestinal mucosa. How-
ever, the interactions and roles of CXCL12 and its re-
ceptors, CXCR4 and the recently discovered CXCR7, in
intestinal inflammation have not been defined. In the
present study, we further dissected the effects of
CXCL12 on lymphocytes in intestinal homeostasis and
inflammation and delineated the interplay between
CXCL12 and its receptors CXCR4 and CXCR7. To that
end, fresh mononuclear cells were isolated from mu-
cosa and PB of healthy or IBD patients. Phenotypical
and functional assays were conducted using flow cy-
tometry, Transwell migration chambers, and ELISA. The
data show that CXCL12-mediated migration of T cells is
CXCR4- but not CXCR7-dependent. T cell activation re-
ciprocally regulates CXCR7 and CXCR4 expression and
migratory capacity. IBD PBTs expressed more CXCR7
than normal PBTs. Finally, T cells attracted by CXCL12
are mostly of a memory phenotype. In conclusion, the
present study suggests that the interplay between
CXCL12 and its receptors affects homeostasis and in-
flammation in the intestinal mucosa. J. Leukoc. Biol.
90: 583–590; 2011.

Introduction
The IBDs, CD and UC, are characterized by augmented influx
of CD4� T lymphocytes to the LP. Chemokines secreted to the

ECM and chemokine receptors expressed by lymphocytes con-
tribute extensively to this recruitment process [1, 2]. The
chemokine CXCL12 (formerly, stromal cell-derived factor 1�)
is ubiquitously secreted by hematopoietic and nonhematopoi-
etic cells, including human IECs [3–5]. CXCL12 participates
in stem cell proliferation and migration [6, 7] and mediates T
lymphocyte migration to inflamed tissues [8]. Despite its origi-
nal classification as a constitutive chemokine [4, 9, 10],
CXCL12 has been recently suggested to have a role in inflam-
matory disorders [11–14]. For example, CXCL12 is up-regu-
lated and redistributed across endothelial cells in multiple
sclerosis [15], and in rheumatoid arthritis, enhanced secretion
of CXCL12 from synoviocytes, mediated by inflammatory stim-
uli, such as IL-17, IL-1�, and CD40 ligand, has been shown
recently [16]. In addition, an increase in the number of
CXCL12-secreting cells in the submucosa of patients was re-
ported in asthma [17]. These findings confirm the involve-
ment of CXCL12 in Th1 and Th2 inflammatory responses.

We have reported recently that CXCL12 and its receptor
CXCR4 are expressed in normal and more prominently, in-
flamed human intestinal mucosa [18]. We demonstrated that
IBD and non-IBD mucosal lymphocytes are capable of migrat-
ing toward CXCL12 in vitro and that there was accumulation
of CXCR4� cells in the vicinity of CXCL12-expressing IECs.

Recently, CXCR7 was reported as a receptor for CXCL12
[9]. However, the functional role of CXCR7 remains un-
known. CXCR7 has been proposed to contribute to adhesion,
cell survival, and transendothelial migration. It was also sug-
gested that CXCR7 acts as a “decoy” receptor for the
CXCL12–CXCR4 interaction [19–21], but the precise interac-
tions of CXCL12 and its receptors CXCR4 and CXCR7 in the
intestine have not been defined.

The aim of the present study, therefore, was to further in-
vestigate the effects of CXCL12 on lymphocyte migration in
intestinal homeostasis and inflammation and to dissect the in-
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terplay among CXCL12, CXCR4, and CXCR7, specifically ask-
ing whether these interactions have differential effects on lym-
phocyte function.

MATERIALS AND METHODS

Patients
Surgical specimens were taken from bowel resections performed at the Tel
Aviv Sourasky Medical Center (Israel). Mucosa from IBD or non-IBD (con-
trol) samples was used, and IECs and LPMCs were freshly generated (see
below). Normal control (noninflamed) mucosa was taken from resections
performed as a result of colonic tumors and located at least 10 cm away
from the tumor. In several cases, autologous PBMCs were generated as
well. The Helsinki Committee at the Tel Aviv Sourasky Medical Center ap-
proved the study.

Mononuclear cell isolation
For PBMC isolation, heparanized blood from patients with active or inac-
tive disease was isolated using Ficoll-Paque Plus (GE Healthcare, Otelfin-
gen, Switzerland) density gradient. In brief, blood was diluted 1:3 with PBS
and centrifuged through a Ficoll gradient for 30 min at 2000 rpm with the
brake off. PBMCs were collected from the interface and washed with PBS.
Cells were resuspended in culture medium (RPMI 1640, 10% FCS, 50 u/ml
penicillin, 50 �g/ml streptomycin, 2 mmol/L glutamine, all from Biologi-
cal Industries, Beit Haemek, Israel). For LPMC isolation, mucosa was sepa-
rated from surgical specimens and washed with PBS (Sigma-Aldrich, St.
Louis, MO, USA) and subsequently with RPMI 1640. After mincing, tissue
was incubated for 15 min with 1 mM DTT (Sigma-Aldrich) at room tem-
perature. Next, slices were incubated twice, each time for 30 min in 3
mg/ml Dispase II (Roche, Mannheim, Germany) in RPMI at 37°C. The
mucosa was then incubated with 1 mg/ml collagenase (Sigma-Aldrich)/50
ml RPMI 1640 containing 5 �g/ml DNase (Sigma-Aldrich) for 45 min at
37°C. Medium containing LPMCs was collected and centrifuged for 7 min
at 2000 RPM. Percoll gradient (GE Healthcare; 40%) was used for LPMC
separation. LPMCs collected from the pellet were resuspended in RPMI
1640/10% FCS (Biological Industries) and incubated at 37°C, 5% CO2.

T cell purification
LPMCs and PBMCs were incubated for 10 min at 4°C with magnetically
labeled mAb against CD14, CD16, CD19, CD36, CD56, CD123, and glyco-
phorin A. Afterward, cells were incubated with antibiotin microbeads for 15
min at 4°C. T cells were negatively selected using MACS (Miltenyi Biotec,
Sunnyvale, CA, USA) magnetic separation columns. Purified CD3� lympho-
cytes (�90% CD3� purity, assessed by flow cytometry) were counted and
resuspended in RPMI 1640/10% FCS.

Flow cytometry
Lymphocyte surface marker expression by T lymphocytes was determined
using flow cytometry (FACSCalibur, Becton Dickinson, San Diego, CA,
USA), using CellQuest four-color analysis software. Briefly, pelleted lym-
phocytes were washed with PBS/1% BSA. Directly conjugated mAb against
the following surface molecules and the relevant isotype controls were
added: CD3-Per-CP, CD2-Per-CP, CXCR4 (CD184)-PE, CXCR7-PE,
CD45RA-FITC, CD45RO-APC, or CD25-APC (all from Bactlab Diagnostics,
Caesarea, Israel). Nonrelevant isotype antibodies (from Bactlab Diagnos-
tics) were used as controls. Cells were incubated for 30 min at 4°C. After
being washed with PBS/1% BSA, cells were fixed in 300 �l 1% para-
formaldhyde (Sigma-Aldrich) and used for acquisition studies.

Transwell migration assays
In vitro migration of purified CD3� T cells was assessed using Costar Tran-
swells (Corning, NY, USA). Transwells with 5 �m pore polycarbonate filters
were precoated with fibronectin for 1 h at 37°C. Subsequently, cells (2–

5�105) in 100 �l PBS/0.1% BSA were placed in the upper chamber. The
lower chamber contained 600 �l RPMI alone or RPMI with different
chemokines. Cells were allowed to migrate for 3 h at 37°C. Afterward, cells
that had transmigrated to the lower wells were collected and counted. The
percentage of migrating cells was calculated by flow cytometry or a count-
ing grid. For flow cytometry, cells were stained with fluorochrome-conju-
gated antibodies against the aforementioned surface molecules. Acquisition
of cells was by a FACS for a fixed period of time (90 s). Percent migration
was calculated as the number of migrating cells divided by the total num-
ber of cells placed in the upper wells, counted in the same time period,
and multiplied by 100. In some experiments, lymphocytes were preincu-
bated with antibodies against CXCR4-binding (clone 12G5, R&D Systems,
Minneapolis, MN, USA) or CXCR7 (clone 11G8)- or CXCR7-binding com-
pounds (CCX771 and CCX733, both kindly provided by ChemoCentryx
(Mountain View, CA, USA) for 30 min, washed, and placed on the upper
chambers of the Transwells for the migration experiments.

Lymphocyte-stimulation studies
Nontissue culture 24-well plates (Falcon, Franklin Lakes, NJ, USA) were
coated with anti-CD3 (1 �g/ml), with or without anti-CD28 (2 �g/ml), or
with 1 �g/ml anti-CD2 (all purchased from Serotec, Oxford, UK) in PBS.
Plates were incubated overnight at 4°C. After blocking for 30 min with
PBS/1% BSA at room temperature, 1 � 106 cells in 1 ml RPMI 1640/10%
FCS were stimulated with the above-mentioned antibodies for 24 h at 37°C.

Cytokine secretion
Cytokine secretion was assessed using ELISA (R&D Systems), according to
the manufacturer’s instructions. Briefly, 96-well plates were coated with pri-
mary antibodies against IFN-�, IL-4, IL-5, or IL-17. After inhibition of non-
specific binding (0.5% BSA), standards and samples were added for 2 h,
followed by incubation with a secondary antibody and addition of streptavi-
din-HRP. Tetramethylbenzidine (DakoCytomation, Carpentaria, CA, USA)
was used as the color substrate. The reaction was stopped using 2 N
H2SO4. Samples were read at 450 nm using KC Junior ELISA analysis soft-
ware (BioTek, Winooski, VT, USA).

Statistics
Statistical analysis was evaluated using the unpaired Student’s t test. P val-
ues �0.05 were considered to indicate a significant difference.

RESULTS

Differential expression of the CXCL12Rs
We previously reported that in IBD, CXCR4 expression by T
lymphocytes is high and comparable in the PB and LP. We
now compared CXCR4 and CXCR7 expression in the PB and
LP of IBD patients and controls. To that end, CD3� lympho-
cytes from IBD PB or LP were isolated, and receptor expres-
sion was assessed using flow cytometry. Supporting our previ-
ous report [18], �90% of PBTs and LPTs express CXCR4,
without differences between IBD patients and controls
(Fig. 1). By and large, the percentage of cells expressing
CXCR7 was lower compared with CXCR4. However, although
a significantly higher percentage of IBD PBTs expressed
CXCR7 compared with controls (CD: 35.7�9.4%, UC:
18.2�5.8%, normal: 7.7�2.8%; P�0.05 vs. normal PBTs), the
percentage of CXCR7-expressing LPTs in IBD and normal
control patients was comparable. These results suggest that the
environment affects the expression of CXCR7: while in the PB,
the normal PBTs had lower CXCR4 expression in the LP, stim-
ulation and costimulation may have increased CXCR7 expres-
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sion so that comparable CXCR7 expression in normal and IBD
LPTs is noticed.

CXCR4 and CXCR7 expression is inversely regulated
We next examined CXCR4 and CXCR7 expression by stimu-
lated T lymphocytes. As shown in Fig. 2, nearly all PBTs

(93.9�1.4%, Fig. 2A, upper panel) and LPTs (94.6�1.9%, Fig.
2A, lower panel) expressed CXCR4, which decreased signifi-
cantly following CD3/CD28 stimulation [PBTs (53.9�7.2%;
P�0.05 vs. no stimulation); LPTs (60.5�10.2%; P�0.02 vs. no
stimulation)]. In contrast, CD3/CD28 stimulation significantly
increased the percentage of CXCR7-expressing PBTs
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Figure 1. PBTs from IBD patients express
more CXCR7 than normal PBTs. PBTs
(upper panel) from normal (NL; n�7),
CD (n�6), and UC (n�5) subjects and
LPTs (lower panel) from normal (n�10),
CD (n�9), and UC (n�5) subjects were
isolated. CXCR4 and CXCR7 expressions
were assessed using flow cytometry. (A)
CXCR4 was highly expressed by PBTs and
LPTs (�90% expression). CXCR7 was
uniformly expressed by LPTs (�20% ex-
pression), but PBTs from IBD patients
expressed more CXCR7 than normal
PBTs (*P�0.05 vs. normal PBTs). (B)
Representative dot blot from PBTs of UC
patient.

Figure 2. CXCR4 and CXCR7 are differentially expressed upon stimulation. Isolated CD3� PBTs (n�6, upper panels) or LPTs (n�6, lower pan-
els) were stimulated for 24 h with antibodies against CD3 or CD2, with or without antibodies against CD28, using plate-bound antibodies. (A)
CXCR4 and CXCR7 expression was assessed using flow cytometry (*P�0.05 and **P�0.02 vs. untreated cells). (B) Representative histogram de-
picting the influence of different stimulations on receptor expression.
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(53.9�11.4%; P�0.008 vs. unstimulated PBTs) and LPTs
(38.5�4.3; P�0.05 vs. unstimulated LPTs). Interestingly, CD2/
CD28 stimulation had no effect on the percentage of CXCR4-
expressing cells. However, it significantly decreased the per-
centage of CXCR7-expressing PBTs (3.2�2.5%; P�0.02 vs. un-
stimulated PBTs) and LPTs (6.3�3.5%; P�NS vs. unstimulated
LPTs). These results suggest that the expression of CXCR4
and CXCR7 depends on the activation status, as well as path-
way, i.e., CD2/CD28 or CD3/CD28.

IBD PBTs are hyporesponsive to CD3/CD28
stimulation
To examine whether CXCL12R expression by IBD PBTs would
be differentially affected by CD3/CD28 stimulation, we com-
pared the stimulation-induced expression of CXCR4 and
CXCR7 in IBD patients. As shown in Fig. 3A, the receptor ex-
pression upon CD3/CD28 stimulation was similarly regulated
in IBD. However, response was decreased in UC and even
more so in CD compared with normal control PBTs. Thus, the
percentage of CXCR4-expressing cells decreased, whereas
CXCR7-expressing cells increased to a lesser degree in IBD
compared with normal controls. By analyzing the relative influ-
ence of CD3/CD28 stimulation in each experiment and calcu-
lating fold change in CXCR4- or CXCR7-expressing cells, we
confirmed significant hyporesponsiveness of IBD PBTs to acti-
vation (Fig. 3B).

These results suggest that CXCR7 and CXCR4 expression by
IBD PBTs is less affected by CD3/CD28 stimulation compared
with normal PBTs. This may further suggest that the T cell
response to CXCL12, after TCR triggering in IBD, is aberrant,
contributing to lymphocyte accumulation in areas of high
CXCL12 expression.

CD3/CD28 stimulation decreased T cell migration
toward CXCL12
The results above suggest that T cell activation may be accom-
panied by decreased migration. Of note, chemokine receptors
can be altered during inflammation, with consequent modifi-
cation of chemokine-mediated migration as well as receptor
expression [22, 23]. We thus examined how in vitro activation
of T cells affects their migration toward CXCL12. As shown in
Fig. 4, untreated PBTs and LPTs had a high migratory capacity
toward CXCL12. Activation with anti CD3/CD28 significantly
inhibited CXCL12-directed migration of PBTs and LPTs. This
suggests that the activation status indeed affects migration. In-
terestingly, stimulation with anti-CD3 alone or anti-CD2/CD28
resulted in decreased migration of LPTs but not PBTs, suggest-
ing that LPTs are more sensitive to activation-induced down-
regulation of CXCL12-mediated migration. Of note, we were
unable to discern different migratory capabilities in stimulated
cells from IBD or normal cells (results not shown).

CXCL12-mediated migration is CXCR7-independent
The migration studies suggest that migration is CXCR4- but not
CXCR7-dependent, as CXCR4 expression decreases in parallel to
the decreased migration, and CXCR7 expression and migration
are discordant. We now wished to directly assess the role of
CXCR4 and CXCR7 in CXCL12-directed migration. To this end,
we examined the effect of CXCR4 and CXCR7 blocking on lym-
phocyte migration. As shown in Fig. 5, antibodies against CXCR4
significantly inhibited PBT migration. In contrast, neither mAb
against CXCR7 nor small molecule CXCR7 inhibitors (all generously
supplied by ChemoCentryx) affected CXCL12-mediated migration
of PBTs. Thus, the results so far suggest that the decreased lympho-
cyte migration shown is CXCR4- but not CXCR7-dependent.
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Figure 3. CXCR4 and CXCR7 expression
by IBD PBTs is less influenced by CD3/
CD28 stimulation. PBTs from normal
(n�10), CD (n�6), and UC (n�5) sub-
jects were left untreated or stimulated for
24 h with antibodies against CD3/CD28.
(A) The cells were then collected and
examined for the CXCL12 receptors us-
ing flow cytometry. (B) The results are
analyzed for relative influence by fold in-
crease or fold decrease of receptor ex-
pression after stimulation (% expression
before stimulation/% expression after
stimulation�100; **P�0.005 and *P�0.03
vs. normal PBTs).
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CXCL12 preferentially attracts memory T lymphocytes
To examine whether CXCL12 attracts specific T cell subsets,
we compared characteristics of CXCL12-attracted T cells. As
shown in Fig. 6, significantly more CD3�CD45RO� PBTs mi-
grated toward CXCL12 compared with CD3�CD45RA� T cells
(P�0.002). A similar pattern was observed in PBTs obtained
from CD patients (P�0.05). Thus, CXCL12 preferentially at-
tracts memory T cells in normal controls and IBD patients.

Analysis of cytokine secretion by T cells migrating
toward CXCL12
As previous reports suggested that CXCL12 may contribute to
Th1- and Th2-mediated [15–17, 24, 25], as well as Th17-medi-
ated, inflammatory processes [26], we further examined

whether T cells migrating toward CXCL12 are skewed toward
a Th1, Th2, or Th17 response. To this end, we performed fur-
ther Transwell migration assays toward CXCL12. CD3� T lym-
phocytes that migrated toward CXCL12 were collected from
the lower wells, and cytokine secretion was compared with that
of equal cell numbers of lymphocytes randomly migrating to-
ward medium. Supernatant was collected after 24 h of CD3/
CD28 stimulation for ELISA assays. As seen in Fig. 7, although
IFN-� secretion was comparable among normal and IBD PBTs,
LPTs generated from the small bowel of CD patients secreted
significantly higher levels of IFN-� (1466.0�356 pg/ml) than
all other LPT groups examined (CD-colon LPTs: 288.8�218.2
pg/ml, UC LPTs: 346.1�94.7 pg/ml, normal control LPTs:
77.1�35.0 pg/ml; P�0.03 vs. small bowel CD). Differences in
IL-4 secretion between PBTs and LPTs were also observed:
normal CXCL12-directed PBTs secreted significantly higher
levels of IL-4 compared with randomly migrating PBTs
(15.6�3.3 vs. 5.6�2.2 pg/ml, respectively; P�0.01). In con-
trast, CXCL12-directed CD PBTs secreted comparable IL-4 lev-
els with randomly migrating CD PBTs (7.7�2.2 vs. 10.4�2.1
pg/ml; P�NS). IL-4 secretion, by CXCL12-directed CD LPTs
(both from the small bowel and the colon), was significantly
lower compared with that from randomly migrating CD LPTs
(5.3�1.9 vs. 14.8�3.5 pg/ml; P�0.03), suggesting that
CXCL12-directed CD LPTs are not Th2-skewed. IL-4 levels in
UC LPTs were below detection levels. IL-17 secretion by
CXCL12-attracted and nonattracted PBTs and LPTs was com-
parably high (data not shown), without differences between
IBD and normal controls. IL-5 secretion was below detection
levels for all samples tested (data not shown). Thus, the cyto-
kine secretion patterns suggest that T cells migrating toward
CXCL12 in controls and IBD are not Th1-, Th2-, or Th17-spe-
cific. However, CXCL12-directed CD LPTs are skewed toward
a higher IFN-� and lower IL-4 secretion pattern.
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DISCUSSION

CXCL12 is a ubiquitous chemokine with pleiotropic, physiological
effects in numerous tissues, expressed by a variety of cells, including
epithelial cells [27–29]. Although CXCL12 was long-considered as
being a constitutive chemokine, recent reports have implicated a
putative role for CXCL12 in joint, lung, and brain inflammatory
processes [8, 11, 15–17, 24, 25]. We recently reported up-regulation
of CXCL12 in intestinal inflammation and its ability to attract PBTs
and LPTs in vitro and in vivo [18]. Moreover, Mikami et al. [30]
used small molecule inhibitors of the interaction of CXCL12 with its
receptor CXCR4 to ameliorate experimental colitis. In the present
study, the interactions of CXCL12 with lymphocyte subsets and the
mechanistic role of CXCL12Rs, CXCR4 and CXCR7, in IBD and
normal control patients was investigated.

Our main findings were that CXCL12-mediated migration of T
cells is CXCR4- but not CXCR7-dependent. Accordingly, CXCL12-
mediated migration is abrogated upon T cell activation, and it corre-
lates with decreased CXCR4 expression. Interestingly, the same T
cell activation mediates up-regulation of CXCR7 expression,
strengthening the finding that the main role of CXCR7 is not medi-
ation of migration. Noteworthy, CXCL12-attracted T cells were
mostly of a memory phenotype.

CXCL12 was documented to be up-regulated in the mucosa of
IBD patients compared with normal controls [18, 31, 32]. Yet, the
functional role and expression of its receptors, CXCR4 and CXCR7,
in mucosal and peripheral lymphocytes in IBD and normal mucosa
have eluded full delineation.

In the current study, we show that CXCR4 is ubiquitously
expressed on T cells, whereas CXCR7 expression is restrained
to a small population of CD3� LPTs and PBTs. Our novel
finding that CXCR7 expression by IBD PBTs is increased sug-
gests an involvement of this receptor in intracompartment mi-
gration in IBD. CXCR7 was reported to regulate CXCL12-me-
diated transendothelial migration [20, 33]. As such, it is rea-
sonable to consider that increased expression of CXCR7 in the
PB of IBD patients could foster increased influx of T cells to
sites of mucosal inflammation. Published reports of CXCR7
expression on leukocytes are contrasting and range from non-
existent [19, 34] to high [9]. Contrasting results could pertain
to cell manipulations or source of cells. Importantly, our re-
sults are specifically relevant to IBD, as CXCR7 expression by
freshly isolated human T cells from the PB or LP of IBD pa-
tients and normal controls was assessed. Thus, further scrutiny
of this unique receptor is still expected.
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It should be borne in mind that CXCR7 is also a receptor
for CXCL11. Thus, our results might pertain to an involvement
of CXCL11 in IBD. Although there are few reports implicating
CXCL11 in IBD, IFN-� was shown to be capable of inducing
CXCL11 in epithelial cells [35] and in T cells from a mouse
model of colitis [36]. Thus, the differences in CXCR7 expression
observed in the current investigation could suggest that there are
separate pathways of lymphocyte migration and activation for
CXCL12 and CXCL11.

When examining the influence of T cell stimulation, we
found that CD3/CD28 stimulation had a sensitizing effect on
migratory capacity of T cells, and migration of PBTs toward
CXCL12 was abrogated to levels similar to random migration.
This was reinforced by the finding that CD3/CD28 stimula-
tions significantly decrease the percentage of CXCR4-express-
ing cells and concurrently increase the percentage of CXCR7-
expressing cells. The reciprocal regulation of expression by
the TCR suggests discordant roles for CXCR4 and CXCR7 in
T lymphocyte behavior. Interestingly, when responses of IBD
PBTs to CD3/CD28 stimulation were compared with normal
PBTs, a significantly less-prominent effect of CD3/CD28 on
receptor-expressing cells was observed in IBD. This may sug-
gest that in IBD, in contrast to normal, PBTs are less-respon-
sive to TCR engagement. However, this did not correlate with
differences in migration between stimulated IBD and normal
PBTs (data not shown). It is thus possible that in IBD, there is
a positive-feedback loop, where increased CXCL12 expression
and cell stimulation are not associated with significantly de-
creased receptor expression, consequently contributing to T
cell accumulation in the inflamed intestine.

This might also suggest that the effect of CD3/CD28 on
CXCL12 receptors might be related to additional functional
tasks, such as enhanced adhesion [37], which might enable
retention of reactive T cells in the vicinity of soluble CXCL12,
a process that is up-regulated in IBD [18]. Of note, in contrast
to CD3 stimulation, which strongly decreased CXCR4 and in-
creased CXCR7, CD2/CD28 stimulation modestly reduced
CXCR4 expression and considerably decreased CXCR7 expres-
sion in PBTs and LPTs. This behavior could point to a differ-
ent functional task for CXCR7 upon CD2/CD28 stimulation.

Last, activation of LPTs but not of PBTs, via CD3 alone or
CD2/CD28, impaired the chemotactic potential toward
CXCL12. This suggests that LPTs are more sensitive to sub-
maximal stimulations, or as previously reported, LPTs are re-
sponsive to CD2 ligation, in contrast to PBTs [38–41].

Given that the use of the small molecule CXCR7 com-
pounds and the anti-CXCR7 antibodies did not affect
CXCL12-mediated migration, our findings suggest that CXCR7
is not essential for CXCL12-mediated migration. Further sup-
port for this contention is that CD3 stimulation increased
CXCR7 expression, and migration decreased.

As advocated by others [19, 42], our results suggest that
CXCR7 is not involved in CXCL12-mediated migration. Thus,
as CXCR7 does not mediate cell signaling, calcium influx, or
chemotaxis, its role may be that of a “silent receptor”, as hy-
pothesized previously [9, 37, 43].

Regarding the functional effect of CXCL12 on migrating
lymphocyte characteristics, our hypothesis was that CXCL12

would attract memory T cells with a specific proinflammatory
cytokine-secretion pattern. Such an effect would be expected
in light of our recent findings of increased expression of
CXCL12 and CXCR4 in IBD [18].

As shown, CXCL12 is a potent chemoattractant of memory T
cells. Given that memory CD45RO� LPTs predominate in the
LP, this could implicate CXCL12 as a contributor to mucosal de-
regulation.

CXCL12 has been recently reported to be induced in inflam-
matory disorders of Th1 and Th2 phenotypes. Thus, in IBD, T
cells migrating toward CXCL12 might be distinguished according
to their cytokine profile. IFN-� secretion from stimulated PBTs
was comparable, whether migrating or not toward CXCL12. Stim-
ulated, normal PBTs, which were CXCL12-attracted, secreted sig-
nificantly more IL-4 compared with nonattracted PBTs. This find-
ing, reflecting the proinflammatory nature of the LP, is sup-
ported by Fuss et al. [44], who showed an increase of IFN-�
production in LPMCs from CD patients. Other investigators also
suggested an increase of IL-4 or IFN-� production from CD3�

LPTs of IBD patients [44, 45] and that IBD IECs may promote
such a reaction [46]. Our findings strengthen the latter concept
of a dominating, Th1-skewed response in CD.

In conclusion, we demonstrate that stimulated PBTs and LPTs
are desensitized to CXCL12-induced migration; this migration is
CXCR4- but not CXCR7-dependent; and CXCL12 is an attractant
of memory, Th1-biased lymphocytes. Desensitization mechanisms
were less prominent in IBD compared with the normal mucosa.
Taken together, our results further support a role for CXCL12
and its receptors in the intestinal mucosa in homeostasis and in-
flammation, thereby designating CXCL12-CXCR4 as a potential
target for therapeutic interventions in the setting of IBD.
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