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Figure 4 PSGL-1 is required for efficient chemotaxis to CCL21 and CCL19 but not to CXCL12. (a) Competitive in vitro chemotaxis assays of lymphocytes
from C57BL/6 wild-type and GFP-transgenic PSGL-1-null mouse donors {a) or wild-type and CD43-null mice (b); cells were incubated for 1 h in transwells
with varying concentrations of CCL21. *, P < 0.05, and **, P < 0.001 (Student’s -test): 100 nM, P = 0.0000066, 375 nM, P = 0.000071, 750 nM,
P=0.00016, 1.5 uM, P=0.0029, and 3 uM, P = 0.0042 (a); 100 nM, P=0.02, 375 nM, P=0.06, and 750 nM, P=0.17 (b). (¢) /n vitro chemotaxis
assays of purified T lymphocytes from wild-type and GFP-transgenic PSGL-1-null donors; cells were incubated for 2-3 h in transwells with 200 nM CCL21,
CCL19 or CXCL12. *, P < 0.05, and **, P < 0.001 (Student’s test). Data are mean {(z s.d.) number of cells recovered from the lower chamber, after
subtraction of the number of cells migrating in absence of chemotactic agent (n = 3 (a,b) or 4 (c) transwell replicates per point), and are representative of

at least three independent experiments.

of PSGL-1 was restricted to T cells of both the naive and central
memory types, we used purified T cells to confirm the results obtained
above with unfractionated lymphocytes. We also evaluated two addi-
tional chemokines, CCL19 and CXCL12, also known to be involved in
lymphocyte homing?#?3, in the transwell chemotaxis assay. Wild-type
and PSGL-1-null T cells migrated equally toward CXCL12 (P = 0.11),
whereas the response to CCL19 was approximately 30% weaker for
T cells lacking PSGL-1, as was the case for CCL21 (P = 0.004 and
P = 0.002, respectively; Fig. 4c). Thus, PSGL-1 enhanced the chemo-
tactic response of T cells to the two SLO chemokines CCL21 and
CCL19 but not to CXCL12.

CCL21 binds T cells in a PSGL-1-dependent way

Our data indicated that binding of chemokine to PSGL-1 might be the
underlying cause of the enhanced chemotactic responses of T cells. If
so, CCL21 and possibly CCL19 would bind T cells not only by
means of their cognate chemokine receptor CCR7 (ref. 26) and cell
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chondroitin sulfate?’, but also by means of PSGL-1. To demonstrate a
chemokine-PSGL-1 interaction, we immobilized decreasing amounts
of CCL21 or control CXCL12 on nitrocellulose and ‘probed’ with a
fusion protein of PSGL-1 and immunoglobulin G (IgG). With this
approach, we found that PSGL-1 bound immobilized CCL21 but not
CXCL12 (Fig. 5a). To directly assess the interaction of CCL21 with
PSGL-1 expressed on lymphocytes, we synthesized mouse CCL21
biotinylated at the N terminus. Staining lymphocytes with this reagent
showed that both CD4* and CD8* T cells bound CCL21 with a
biphasic pattern. Notably, CCL21M CD4* and CD8" T cells from wild-
type mice bound considerably more CCL21 than the corresponding
T cells from PSGL-1-null mice (Fig. 5b). In contrast, binding of CCL21
to B cells produced a relatively strong monophasic signal that was not
affected by PSGL-1 expression; PSGL-1 expression was much lower on
B cells than on T cells (Supplementary Fig. 3 online). The ‘CCL2 1din»
cells represent T cells that have internalized CCL21. The conditions we
used for the CCL21 binding assay were similar to those used for
chemotaxis assay and thus allowed chemokine internalization. We also
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Figure 5 PSGL-1 binds CCL21. (a) Detection of CCL21 and CXCL12 immobilized on a nitrocellulose membrane with a PSGL-1-human IgG1 chimera and
‘probed’ with fluorescent anti-human IgG. (b) Flow cytometry of wild-type and PSGL-1-null lymphocytes incubated for 2 h with a mixture of biotin-CCL21
and fluorescein isothiocyanate—streptavidin (Strep-FITC), then co-stained with anti-CD4, anti-CD8 or anti-B220. (¢,d) Flow cytometry of wild-type
lymphocytes (¢) and PSGL-1-null lymphocytes (d) incubated for 30 min with mAb 4RA10 (to PSGL-1) or mAb S11 (to CD43) before 2 h of incubation with
fluorescein isothiocyanate-CCL21 followed by co-staining with anti-CD4, anti-CD8 or anti-B220. Fluorescein isothiocyanate~streptavidin staining without
chemokine, negative control. Data are representative of four independent experiments.
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Figure 6 Chemotactic advantage of wild-type over PSGL-1-null T cells

is blocked by mAb 4RA10 (to PSGL-1). Competitive in vitro transwell
chemotaxis assay of the migration of C57BL/6 wild-type T cells and GFP-
labeled PSGL-1-null T cells toward 200 nM CCL21 (a) or 200 nM CCL19 (b)
after incubation of cells with mAb 4RA10 (to PSGL-1) or mAb S11 (to
CD43). *, P < 0.05, and **, P < 0.001 (Student’s t-test). Data are mean
(+ s.d.) number of cells recovered from the lower chamber after 2 h of
incubation, after subtraction of the number of cells migrating in absence

of chemotactic agent (n = 4 transwell replicates per point), and are
representative of three independent experiments.

did CCL21 binding studies in the presence of sodium azide to prevent
chemokine internalization. As expected, binding of CCL21 to T cells
was monophasic in presence of sodium azide. However, although the
difference in the binding of CCL21 to wild-type versus PSGL-1-null
cells was still present, it was much less, as was the inhibition of
CCL21 binding by antibody to PSGL-1 (anti-PSGL-1; Supplementary

Fig. 4 online).
6 The binding of mAb 4RA10 has been mapped to the N terminus of

PSGL-1, a region also important for the binding of P-selectin and
chemokines???8, The binding of CCL21 to CD4* and CD8* T cells
from wild-type mice was reduced with mAb 4RA10, such that it was
similar to that of PSGL-1-null T cells (Fig. 5¢), whereas the binding of
CCL21 to B cells (Fig. 5¢) or PSGL-1-deficient T cells (Fig. 5d) was
not affected by mAb 4RA10. Pretreatment of cells with a mAb (S11) to
CD43, another leukocyte mucin, had no effect on the CCL21 binding
profiles. These results collectively demonstrated direct interaction of
CCL21 with PSGL-1 expressed on CD4* and CD8* T cells.

Figure 7 Core 2 O-glycan branch formation on PSGL-1 causes loss of
enhanced chemotaxis on activated T cells. (a) Competitive in vitro transwell
chemotaxis assay of the migration of C57BL/6 wild-type and PSGL-1-null
lymphocytes toward 200 nM CCL21, CXCL11 or CXCL9, 4 d after cells
were activated with concanavalin A. (b) Chemotactic responses to 200 nM
CCL21, of wild-type versus PSGL-1-null lymphocytes and of lymphocytes
lacking C2GIcNACT-1 versus lymphocytes lacking both PSGL-1 and
C2GIcNACT-1, before activation (left; Lymph node cells) and 4 d after
activation with concanavalin A (right; Activated T cells). *, P < 0.05, and
**, P < 0.001 (Student’s t-test; n = 4). Data are mean (+ s.d.) number
of cells recovered from the lower chamber after 2 h of incubation, after
subtraction of the number of cells migrating in absence of chemotactic
agent, and are representative of three independent experiments.
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Anti-PSGL-1 blocks the PSGL-1-enhanced chemotaxis

The inhibition of the CCL21-PSGL-1 interaction by treatment with
mAb 4RA10 suggested that this mAb might inhibit the chemotactic
advantage associated with T cells expressing PSGL-1 and responding
to CCL21 or CCLI19. To test that hypothesis, we added neutralizing
amounts of mAb 4RA10 to the competitive chemotaxis assay. This
eliminated the chemotactic advantage of wild-type cells in response to
both CCL21 and CCL19 (P = 0.91 and P = 0.84, respectively; Fig. 6).
In contrast, PSGL-1-null cells remained at a chemotactic disadvantage
(CCL21, P = 0.02; CCL19, P = 0.01) in the presence of mAb Sl11 (to
CD43). Thus, mAb 4RA10 abrogated the PSGL-1-mediated chemo-
tactic advantage, whereas mAb S11 did not.

PSGL-1-enhanced chemotaxis is lost on activated T cells
Activated T cells upregulate the chemokine receptor CXCR3 (ref. 29)
and become responsive to the inflammatory chemokines CXCL9,
CXCL10 and CXCL11 (also called Mig, IP-10 and I-TAC). Analysis
of T cells activated by the mitogen concanavalin A showed that
chemotactic migration of activated PSGL-1-null T cells toward
CXCL9 and CXCL11 was not lower; indeed these cells showed a
trend to migrate better than wild-type cells (20-40% increase over
wild-type cells; P = 0.06 and P = 0.31, respectively; Fig. 7a). Activated
T cells remained responsive to CCL21 (ref. 30) but migrated equiva-
lently to this chemokine with or without PSGL-1 (P = 0.30; Fig. 7a),
suggesting that the PSGL- 1-enhanced migration to CCL21 and CCL19
does not apply to all differentiation states of T cells.

T cell activation results in the coordinated upregulation of several
glycosyltransferases required for functional P-selectin ligand formation
on PSGL-1 (ref. 17). Expression of core 2 O-glycan-branched sialyl
Lewis X on Thrl7 as well as sulfation of Tyrl3 on the N terminus of
mouse PSGL-1 are essential for the binding of P-selectin®'. Loss of the
CCL21-PSGL-1 effect on activated T cells could thus be due to
upregulation of core 2-branched sialyl Lewis X on Thrl7, which
may block the putative CCL21 interaction with sulfated Tyr13 and/or
sulfated Tyr15 on PSGL-1 (ref. 22). To test for such a function for core
2 O-glycans, we determined whether T cells lacking C2GIcNACT-1
maintained their PSGL-1-linked chemotactic advantage after activa-
tion. We therefore compared the chemotactic response of T cells
deficient in C2GIcNACT-I with that of T cells lacking both
C2GIcNACT-I and PSGL-1. Consistent with our short-term homing
results, resting T cells from donors lacking both C2GlcNACT-I and
PSGL-1 were at a chemotactic disadvantage relative to those from
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donors lacking only C2GlcNACT-I (P = 0.00000023; Fig. 7b). How-
ever, contrary to our finding with activated C2GIcNAcT-I-sufficient
T cells, activated C2GIcNACT-I-null T cells maintained their advantage
over activated T cells lacking both C2GlcNACT-I and PSGL-1 (P =
0.000013; Fig. 7b); in fact, the activated C2GIcNAcT-I-null T cells
migrated twofold better than activated T cells from either wild-type or
PSGL-1-null donors. Thus, the core 2 O-glycan branch seemed
to interfere with the postulated CCL21-PSGL-1 interaction.

DISCUSSION

Our data have demonstrated a previously unrecognized function of
PSGL-1 in the homing of T cells to SLOs by enhancing chemotactic
responses to the SLO chemokines CCL21 and CCL19. The effect of
PSGL-1 on homing to SLOs was restricted to naive and central
memory T cells and did not extend to B cells, which express less
PSGL-1 and are much less dependent on CCL21 or CCL19 for homing
to SLOs than are T cells®. The observed lower chemotactic response of
PSGL-1-null T cells to CCL21 and CCL19 was not due to complete
loss of chemotactic responsiveness of specific T cell subsets. Given that
loss of PSGL-1 expression similarly affects the homing of all T cell
subsets to SLOs, we propose that loss of PSGL-1 expression results in
an overall lower migratory response of T cells.

PSGL-1, originally identified as a ligand for P-selectin, can bind all
three selectins and has a central proadhesive function in many
inflammatory settings'”. The possibility of involvement of any of the
selectins in the mechanism of action driving the enhanced homing of
T cells to SLOs can be ruled out based on our competitive homing
experiments using selectin-deficient recipients and/or C2GIcNAcT-I-
null donor lymphocytes. Furthermore, resting T cells (naive and central
memory T cells) do not have C2GlcNAcT activity and consequently do
not express PSGL-1 capable of binding P-selectin and L-selectin.

The mechanism by which PSGL-1 functions in its chemotaxis-
enhancing capacity is unclear at present. The findings of inhibition of
in vivo lymphocyte homing by blockade with mAb 4RA10, inhibition
of the binding of CCL21 to PSGL-1 by mAb 4RA10, and mAb 4RA10-
mediated abrogation of the wild-type chemotactic advantage over
PSGL-1-null T cells are consistent with a functional interaction

sy, Detween PSGL-1 and CCL21 or CCLI19. It is likely that such an
@interacﬁon would require the N-terminal tyrosine sulfates of mouse

PSGL-1, as is the case for the binding of CCL27 to human PSGL-1
(ref. 22). The binding of CCL21 and/or CCL19 to PSGL-1 on the
lymphocyte might precede the chemokine-CCR7 interaction on the
same cell in a ‘pass-on’ process. The physiological utility of this
CCL21-PSGL-1 or CCL19-PSGL-1 interaction may be to capture
chemokine, thereby counteracting a rapid loss that might otherwise
occur in the bloodstream during transfer from the apical surface of
HEVs to the rolling lymphocyte. PSGL-1 is a highly extended mucin3?
localized on microvilli** and might be well adapted for rapid and
efficient transfer of the chemokine between the interacting cells.
Alternatively, the CCL21-PSGL-1 or CCL19-PSGL-1 interaction
may induce signaling by means of PSGL-1 (refs. 34,35) and actively
contribute to an enhanced chemotactic response.

The L-selectin required by naive T cells to enter SLOs is down-
regulated once T cells become activated, thus preventing activated
T cells from re-entering SLOs. Notably, analysis of transgenic mice
expressing ‘non-sheddable’ L-selectin has indicated that in addition to
shedding of L-selectin, a second mechanism might exist that prevents
re-entry of activated T cells into SLOs, as activated T cells expressing
‘non-sheddable’ L-selectin migrate less efficiently into lymph nodes
than the corresponding naive T cells’. The PSGL-1-enhanced
chemotaxis described here could be the basis of such a second
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mechanism, as the effect was lost in a core 2 O-glycan—dependent
way on activated T cells. T cell activation—induced upregulation
of core 2 O-glycan—branched sialyl Lewis X on Thrl7 located on
the N terminus of PSGL-1 may thus serve a dual purpose: first, to
support the formation of functional selectin ligands, enabling
trafficking of these cells to sites of inflammation, and second, to
limit responses to chemokines such as CCL21 and CCL19, which in
concert with L-selectin shedding would prevent activated T cells from
re-entering SLOs.

The implications of the absence of PSGL-1 and of compromised
homing to SLOs on normal immune function are not apparent at
present and need to be explored in PSGL-1-deficient animals. Analysis
by the Consortium for Functional Glycomics has shown that immu-
noglobulin production is decreased in PSGL-1-deficient mice in
response to immunization with the T cell-dependent antigen keyhole
limpet hemocyanin (http://www.functionalglycomics.org/glycomics/
publicdata/phenotyping.jsp).Whether this effect is due to reduced
homing of T cells to SLOs, however, remains to be determined.

The functional interaction of PSGL-1 with homing chemokines
shown here substantially expands the recognized functional scope of
this molecule. Our findings may stimulate reconsideration of previous
analyses using PSGL-1-null mice, soluble recombinant PSGL-1 or
anti-PSGL-1, as such treatments may have influenced normal lym-
phocyte recirculation by a heretofore unappreciated mechanism. This
newly identified function of PSGL-1 may extend to other examples of
chemokine interactions and possibly to some cytokines as well.
Indeed, there have been several reports indicating anti-inflammatory
effects of recombinant soluble PSGL-1 or neutralizing mAb to PSGL-1
that could not be explained by selectin antagonism3-3°,

METHODS

Chemokines. All chemokines were chemically synthesized ‘in-house’ with tBoc
(tertiary butyloxycarbonyl) solid-phase chemistry. Chemokines were purified
by high-performance liquid chromatography, and mass was confirmed by
electrospray mass spectrometry®’. Biotinylated CCL21 was produced by the
coupling of biotinamidohexanoic acid N-hydroxysuccinimide ester (Sigma) to
the N terminus of CCL21 before the ‘deprotection’ and refolding steps.

Mice. C57BL/6, PSGL-1-deficient C57BL/6 and P-selectin-deficient C57BL/6
mice were from the Jackson Laboratory. CD-1 mice were from Charles River
Laboratories. The generation of C2GlcNACT- 1-deficient mice?, CD43-deficient
mice*!, E-selectin-deficient mice*? and mice expressing green fluorescent
protein (GFP) ubiquitously from the cytomegalovirus-enhancer chicken actin
hybrid promoter®> has been described. Mice deficient in both GIcNAC6ST-1
and GIcNAc6ST-2, mice deficient in both C2GIcNAcT-1 and PSGL-1, and mice
transgenic for GFP and deficient in PSGL-1 were generated by intercrossing
mice of the appropriate specific genotypes!>*%. All mice were backcrossed at
least eight generations on a C57BL/6 background. Mice were maintained in
specific pathogen—free conditions and all animal experiments were done
according to institutional guidelines and were approved by the Animal Care
Commiittee of the University of British Columbia and the Institutional Animal
Care and Use Committee of the University of California San Francisco.

Preparation of Fab fragments. Fab fragments of mAb 4RA10 (ref. 37) and rat
IgG1 (eBioscience) were generated and purified with the ImmunoPure Fab
Preparation Kit following the manufacturer’s recommendations (Pierce). Frag-
ments were concentrated and washed into PBS on a Centricon-10 (Millipore).
Protein purity was assessed by nonreducing SDS-PAGE, followed by detection
with Coomassie blue (GelCode Blue; Pierce). Protein concentration was
determined by measurement of the absorbance at 280 nm.

In vivo homing assays with mAb blockade. Lymphocyte-homing assays
were done as described!’. Mesenteric node lymphocytes from 6- to 10-week-
old CD-1 mice were isolated and were labeled with 5 yM CMFDA
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(5-chloromethylfiuorescein diacetate; Molecular Probes). Cells (3 x 107) were
mixed with 100 pg of mAb 4RA10 or rat IgGl (eBioscience) in 200 pl of PBS.
Fab fragments (25 pug) of mAb 4RA10 or rat IgGl were used for Fab inhibition
experiments. The mixture was injected into the tail veins of age-matched
(12-week-old) wild-type mice (C57BL/6) and mice doubly deficient in
GIcNAc6ST-1 and GIcNAC6ST-2. At 1 h after injection, mice were killed and
SLOs were collected. Lymphocytes in these organs were ‘teased out’ with two
25-gauge needles. The fractonal content of CMFDA? cells in lymphocyte
suspensions was determined by flow cytometry (FACScan; Becton-Dickinson).
For each suspension, 5 x 103 cells were analyzed and acquired with CellQuest
software (Becton-Dickinson). Data were normalized for each mouse by division
of the fractional value of CMFDAY cells by the mean of the fractional values for
all of the wild-type mice in the experiment.

Cell preparation for in vivo homing assays with knockout mice and
competitive transwell chemotaxis assays. Superfidal cervical, brachial, ingu-
inal, mesenteric and axillary lymph nodes were removed from age-matched
donor mice and were dissociated into single-cell suspensions with a stainless
steel sieve in RPMI medium (Gibco) containing 10% (vol/vol) FBS, 2 mM
L-glutamine and 50 uM 2-mercaptoethanol and were kept at 4 °C. In some
experiments, samples were depleted of B cells with anti-mouse IgG Dynabeads
(Invitrogen). In experiments requiring ‘concanavalin A blasts, cells were
cultured for 4 d in complete RPMI medium with 2% (vol/vol) interleukin 2~
containing media, conditioned by myeloma X.653 cells transfected with cDNA
encoding mouse IL-2, and 4 ug/ml of concanavalin A. When cells were
ready for use, they were washed, and viable cells were counted on a
hemocytometer. Non-GFP* lymph node cells were labeled for 5 min at
25 °C with 0.2 pM CFDA-SE (5-(and-6)-carboxyfluorescein diacetate succini-
midyl ester; Molecular Probes) in RPMI medium containing 10% (vol/vol) FCS
or for 8 min at 37 °C with 8 pM Cell Tracker Orange (CTO; Molecular Probes)
in Hank’s balanced-salt solution (14185-052; Invitrogen Life Technologies).
Immediately after being labeled, cells were washed once with RPMI medium
containing 10% (vol/vol) FBS, then once with Hank’s balanced-salt solution
(Gibco). A ratio of 1:1 was determined by the cell count on the hemocytometer,
then was verified by flow cytometry before injection. Cells were com-
bined based on flow cytometry data. A final cell count was obtained with
beads as described?!.

In vivo homing assays with knockout mice. After 2 x 10° cells of each dye-
labeled sample were combined and suspended in Hank’s balanced-salt solution,
they were injected intravenously into wild-type C57BL/6, P-selectin-deficient or

E-selectin-deficient recipient mice, which were killed 1 h later in the same order
3’" which they were injected. Peripheral blood, spleens, Peyer’s patches and
brachial, inguinal, mesenteric and axillary lymph nodes were collected and kept
on ice. Peripheral blood was collected by perfusion with 2.5 mM EDTA
in PBS and was added to a solution containing 2.5 mM EDTA and 4%
(vol/vol) FBS in PBS. All lymph nodes were pooled, as were Peyer’s patches.
Spleens, lymph nodes and Peyer’s patches were mechanically dissociated
into single-cell suspensions into RPMI medium containing 10% (vol/vol)
FBS. Peripheral blood and spleens were treated for 10 and 5 min, respectively,
with red blood cell-lysis buffer. All cells were washed and resuspended
three times with media. Subsets were determined with mAb to CD8
(CL8938B; clone CT-CD8b; Cedarlane), mAb to CD4 (553730; clone GK1.5;
BD Pharmingen), mAb to CD44 (17-0441; clone IM7; eBiosciences) and mAb
to B220 (553091; clone RA3-6B2; BD Pharmingen). CFDA-SE was detected in
the FL1 channel and CTO was detected in the FL2 channel of the FACScan
(Becton Dickinson). Flow cytometry data were analyzed with FlowJo (TreeStar)
and Excel (Microsoft) software and were normalized to the results of
wild-type mice.

Competitive transwell chemotaxis assay. Chemotaxis buffer (600 pl; RPMI
medium, 100 mM HEPES, pH 7.2, and 0.5% (wt/vol) BSA) containing
chemokine was added to the lower chamber of a transwell plate (Costar),
followed by prewarming for a minimum of 1 h at 37 °C. GFP- or dye-labeled
cells were transferred to chemotaxis buffer prewarmed to 37 °C and were
resuspended at a density of 10 x 105 viable cells per ml. Prepared mixed cells
(100 pl) were added to the upper transwell chamber, followed by incubation for
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2-3 at 37 °C. In antibody inhibition experiments, 50 pl antibody was added to
the upper transwell chamber first, followed by 50 pl of mixed cells at a
density of 20 x 105 viable cells per mlL Migrated cells were quantified by
flow cytometry (FACScan, Becton-Dickinson) and cell-counting beads
as described?!. Flow cytometry data were analyzed with FlowJo and Excel
software. Absolute cell counts were normalized for differences in starting
numbers and were adjusted relative to ‘no-chemokine’ controls.

PSGL-1-human IgG1 chimera. The cDNA encoding the 45 N-terminal amino
acids of mature mouse PSGL-1 (primers: mPSGL-1_fw_Clal, 5’-CCATCGA
TGGGCAGGTGGTTGGGGATGACG-3"; mPSGL-1_45_rv_EcoRl, 5 CCGGA
ATTCCGGCACGGTGGTTGGCAGCTC-3") and cDNA encoding the human
IgG1 hinge, CH2 and CH3 domains (primers: higG_fw_EcoRI, 5'-CCGGAAT
TCCGGACATGCCCACCGTGCCCA-3"; hlgG_rv_BamHI, 5-CGCGGATCC
GCGTCAGAGGCTCTTCTGCGT-3) was amplified by PCR. The template
for the IgG1 tag was a vector encoding human IgG1 (ref. 45). PCR products
were cloned into the respective cloning sites of a pBluescriptll SK cloning
vector. The insert was then cloned into a pMXpie expression vector containing
the leader sequence of mouse CD43 followed by a Flag tag® using Clal and
Notl restrictions sites, respectively. The vector was transiently transfected into
Chinese hamster ovary cells with Lipofectamin Plus (Invitrogen). After 48 h,
supernatants were purified on a protein G column.

For binding assays, 400 ng to 25 ng of CCL21 and CXCL12 was dotted onto
Hybond ECL nitrocellulose membranes (Amersham Biosciences). Membranes
were blocked for 2 h with 5% (wt/vol) BSA in Tris-buffered saline and were
then incubated for 2 h with 50 ug/mi of PSGL-1-IgG. For detection of binding,
membranes were incubated for 1 h with anti-human IgG (Jackson Immuno-
Research) and then were incubated for 1 h with Alexa Fluor 680-streptavidin
(Molecular Probes). Membranes were analyzed with the Odyssey Infrared
Imaging System (LI-COR).

Chemokine binding assays. Biotin-CCL21 (0.67 nmol) and 1.1 pg fluorescein
isothiocyanate-streptavidin (BD Pharmingen) were mixed and were preincu-
bated for 30 min in 30 pl chemotaxis buffer plus 2% (wt/vol) BSA, then were
mixed with 1 x 10° lymphocytes in 70 pl chemotaxis buffer plus 0.5% (wt/vol)
BSA, followed by incubation for 2 h at 37 °C. Cells were then washed once with
10% (vol/vol) FCS in PBS, and were stained for lymphocyte markers CD4, CD8
or B220. After 20 min of incubation, cells were washed twice in 10% (vol/vol)
FCS in PBS and were analyzed with a FACSCalibur (Becton Dickinson).

Statistical analysis. Microsoft Excel was used for all statistical analyses.
Statistical significance was determined by the two-tailed, unpaired Student’s
t-test; o = 0.05 for all tests.

Note: Supplementary information is available on the Nature Immunology website.
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