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Dendritic cells control lymphocyte entry to lymph
nodes through high endothelial venules

Christine Moussion"? & Jean-Philippe Girard"?

While patrolling the body in search of foreign antigens, naive
lymphocytes continuously circulate from the blood, through the
lymph nodes, into the lymphatic vessels and back to the blood">.
This process, called lymphocyte recirculation, provides the body
with effective immune surveillance for foreign invaders and for
alterations to the body’s own cells. However, the mechanisms that
regulate lymphocyte recirculation during homeostasis remain
incompletely characterized. Here we show that dendritic cells
(DCs), which are well known for their role in antigen presentation
to T lymphocytes?, control the entry of naive lymphocytes to lymph
nodes by modulating the phenotype of high endothelial venules
(HEVs), which are blood vessels specialized in lymphocyte recruit-
ment>*5, We found that in vivo depletion of CD11c* DCs in adult
mice over a 1-week period induces a reduction in the size and
cellularity of the peripheral and mucosal lymph nodes. In the
absence of DCs, the mature adult HEV phenotype reverts to an
immature neonatal phenotype, and HEV-mediated lymphocyte
recruitment to lymph nodes is inhibited. Co-culture experiments
showed that the effect of DCs on HEV endothelial cells is direct and
requires lymphotoxin-f-receptor-dependent signalling. DCs express
lymphotoxin, and DC-derived lymphotoxin is important for
lymphocyte homing to lymph nodes in vivo. Together, our results
reveal a previously unsuspected role for DCs in the regulation of
lymphocyte recirculation during immune surveillance.
Lymphocyte entry to lymph nodes is initiated by the lymphocyte
homing receptor L-selectin, which mediates lymphocyte rolling along
HEV walls*>**. In contrast to the endothelium that lines other vessels,
HEV endothelial cells in lymph nodes have a plump, almost cuboidal
morphology*?®, and they express high levels of sulphated carbohydrate
ligands for L-selectin, which are recognized by the monoclonal
antibody MECA-79 (refs 6-9) and are synthesized by the HEV-specific
enzymes GIcNAc6ST-2 (a sulphotransferase)® and FucT-VII (a
fucosyltransferase)'®. Studies carried out in rodents have shown that,
when the peripheral lymph nodes (PLNs) are deprived of afferent
lymph, the HEVs lose their characteristics and their ability to support
lymphocyte traffic"'~'*. Together with data obtained from human
studies'®, these results indicate that the lymphoid tissue microenviron-
ment is crucial for the maintenance of HEV characteristics during
homeostasis*'>. However, the cell types involved have not been defined.
To address the potential role of DCs in the maintenance of HEVs,
we took advantage of the CD11c-diphtheria toxin receptor (Cdllc-
DTR) transgenic mouse model'®, which allows in vivo depletion of
CDI11c" DCs in adult mice after treatment with diphtheria toxin
(DTX). Because downregulation of the HEV phenotype occurs 1 week
after occlusion of the afferent lymphatics'?, we decided to deplete the
DCs over 1 week by injecting DTX every 2 days (Fig. la and
Supplementary Fig. 1). After 8 days of DC depletion, we observed a
reduction in the size and cellularity of all lymph nodes that were
analysed, with the most striking effects in the PLNs (the brachial
and inguinal lymph nodes) and the mesenteric lymph nodes
(Fig. 1b). By contrast, the number of leukocytes and lymphocytes in

the blood was not significantly altered by DC depletion (Supplemen-
tary Fig. 2). We observed weight loss after repeated DTX treatment of
Cd11c-DTR mice (Supplementary Fig. 3a), as previously reported'®".
These deleterious effects of DTX are thought to result from the
expression of the DTR on non-haematopoietic radioresistant cells".
To confirm our initial observations, we therefore generated bone
marrow chimaeras in which Cd11¢c-DTR expression was restricted to
the haematopoietic compartment'”. Lethally irradiated wild-type mice
were reconstituted with bone marrow from CdI1c-DTR transgenic
mice, and 3 months later, they were treated with DTX for 10 days,
without any adverse side effects (Supplementary Fig. 3a). The total
cellularity in the lymph nodes was reduced in DTX-treated chimaeric
mice, whereas the cellularity in the Peyer’s patches and the spleen was
not affected (Fig. 1c). By contrast, we observed no significant changes
in the cellularity of the lymph nodes after prolonged DTX treatment
of lethally irradiated Cdllc-DTR transgenic mice that had been
reconstituted with wild-type bone marrow (Supplementary Fig. 3b,
¢), despite these mice rapidly succumbing to weight loss and death,
as previously described"’.

To determine whether the reduced cellularity in the absence of DCs
results from inhibition of lymphocyte entry to lymph nodes, we next
performed short-term homing assays. The homing of lymphocytes
from the blood to the PLNs and mucosal lymph nodes was strongly
reduced in DTX-treated Cd1I1c-DTR transgenic and chimaeric mice
compared with PBS-treated mice (Fig. 1d—f). The effects of DC deple-
tion on lymphocyte homing and lymph node cellularity in Cd11¢-DTR
chimaeric mice were completely reversible after DTX injections were
stopped (Supplementary Fig. 4). In addition, we found that adoptive
transfer of wild-type, bone-marrow-derived CD11c” DCs (wild-type
BMDCs; Supplementary Fig. 5) to DTX-treated Cdl1c-DTR trans-
genic mice could recover the normal cellularity of, and the homing
of naive lymphocytes to, the draining lymph nodes (Fig. 1g, h). The
adoptively transferred CD11c™ BMDCs were located around HEVs
expressing antigens recognized by MECA-79 (denoted MECA-79™"
HEVs) in the draining lymph nodes (Fig. 1i), and Ccr7 '~ BMDCs
had a lower capacity than wild-type BMDCs to recover lymph node
cellularity and homing to lymph nodes (Supplementary Fig. 5).
Together, these results indicate that CD11c* DCs are essential for
lymphocyte homing to lymph nodes (Supplementary Discussion).

We next analysed the HEV phenotype and observed a marked down-
regulation of HEV-specific markers (FucT-VII, GIcNAc6ST-2 and the
L-selectin counter receptor GLYCAMI (ref. 6), as well as MECA-79
antigens) in the PLNs of DC-depleted mice (Fig. 2a and Supplemen-
tary Fig. 6). By contrast, the expression of pan-endothelial cell markers,
such as CD31 (also known as PECAM1), was unaffected (Fig. 2a).
Strikingly, the expression of MADCAMI, a marker of immature
neonatal HEVs'®, was induced on the blood vessels in the inguinal lymph
nodes of DC-depleted mice (Fig. 2a). Thus, in vivo depletion of CD11¢™*
DCs induces specific changes in HEV phenotype, with a reversion from
the mature adult HEV phenotype (MECA-79™GLYCAMI"FucT-
VIIMGIcNA6ST-2"MADCAMI1) to the immature HEV phenotype
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(MECA-79'°GLYCAM1"°FucT-VII°GIcNAc6ST-2°MADCAMI™),
which is found in PLNs at birth™'*'® or after the occlusion of the
afferent lymphatics> .

To determine whether the changes in HEV phenotype occur at the
RNA level, we purified MECA-79"CD31" HEV and MECA-
797CD31" non-HEV endothelial cells from the PLNs of Cdllc-
DTR transgenic mice that had been treated with DTX or PBS
(Supplementary Fig. 7). Although the percentage of MECA-79" cells
in the CD31" endothelial cell population was halved after DTX treat-
ment, and the intensity of MECA-79 staining on the remaining
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Figure 1| CD11c* DCs are required for lymphocyte homing to lymph
nodes. a-f, Depletion of CD1 1c" DCs in Cd11¢-DTR transgenic mice
(a,b,d, e) orin Cd11c-DTR bone marrow chimaeras (c, f) reduces DC numbers
(a), lymph node cellularity (b, ¢) and lymphocyte homing (d-f) in PLNs (the
brachial and inguinal lymph nodes) and mucosal lymph nodes (the cervical and
mesenteric lymph nodes (MLNSs)). Lymphocyte homing was examined by
immunofluorescence staining (d, shown is a PLN section with lymphocytes
labelled with CFSE and blood vessels labelled with CD31) and by flow
cytometry (e, ). (a, b, n = 7-11, four experiments; ¢, f, n = 4-8, three
experiments; d, e, n = 4, two experiments.) g-i, Adoptive transfer of BMDCs
restores cellularity (g) and homing (h, i) to the draining (inguinal) lymph nodes
of DTX-treated Cd11c-DTR transgenic mice (n = 4 per group). a-c, e-h, Error
bars, s.e.m.; ¥, P<0.05; **, P<0.01; ¥**, P<<0.001. d, i, Scale bar, 100 pm.
DAPI, 4',6-diamidino-2-phenylindole; PP, Peyer’s patch.

MECA-79" cells was also reduced (by ~75%), it was nevertheless
possible to isolate these cells by flow cytometry. Analysis of HEV-
specific gene expression by reverse transcription followed by quanti-
tative PCR (RT-qPCR) showed that expression of the HEV-specific
genes Glycam1l, FucT-VII (also known as Fut7) and GIcNAc6ST2 (also
known as Chst4) was strongly reduced after DTX treatment, whereas
the expression of the genes encoding the pan-endothelial cell markers
CD31 and VE-cadherin was not downregulated after depletion of DCs
(Fig. 2b). The expression of several other genes involved in the multi-
step lymphocyte adhesion cascade (Ccl21, Icaml, Cxcl13 and Vecam1)
was also not altered in DC-depleted mice (Supplementary Fig. 8).
Therefore, CD11c” DCs are essential for the maintenance of HEV-
specific gene expression.

We then analysed lymphocyte-HEV interactions in the inguinal
lymph nodes from CdlIc-DTR chimaeric mice by using intravital
microscopy. As previously described", the HEV phenotype is found
only in venular orders III to V (Fig. 3a), which support the bulk of
lymphocyte trafficking to lymph nodes. The rolling fraction of wild-
type lymphocytes in venular orders II to V was not significantly dif-
ferent between Cd11c-DTR chimaeric mice that had been treated with
DTX and those treated with PBS (Fig. 3b). However, the fraction of
lymphocytes that transitioned from primary rolling to secondary firm
adhesion (the sticking fraction) was markedly decreased in HEVs
(orders III to V) from DC-depleted mice (Fig. 3c). In addition, the
rolling velocity of lymphocytes in HEVs was significantly increased
(Fig. 3d, e). For instance, the median rolling velocity of lymphocytes in
order IV HEVs increased from 20 ums ' in PBS-treated mice to
92 pm s ! in DTX-treated mice. Thus, in vivo depletion of CD11c*t
DCs in Cdl1c-DTR chimaeric mice elicited considerable alterations in
lymphocyte rolling velocity and lymphocyte sticking inside lymph
node HEVs.

An important question raised by our observations is whether
CD11c" DCs regulate HEV phenotype directly or through other cell
types that are found in the lymph nodes. Analyses in Rag2™'~ mice
and Rag2 '~ Cdl1c-DTR transgenic mice showed that lymphocytes
are not essential for the homeostatic maintenance of HEV phenotype
and that the effects of CD11c" DCs on lymphocyte homing occur in
the absence of T and B lymphocytes (Supplementary Fig. 9). Therefore,
we next considered the possibility that DCs, which are strategically
positioned close to HEV walls in vivo®®*', may regulate HEV phenotype
directly. We developed a co-culture model of MECA-79"CD31 " HEV
endothelial cells with CD11c¢"MHC class II" DCs (Fig. 4a), both of
which were isolated from the PLNs of wild-type mice (Supplementary
Fig. 10).

Setting up the culture conditions for the purified HEV endothelial
cells turned out to be technically challenging because these cells were
available in a limited quantity (constituting 0.02% of total lymph node
cells) and nothing was known about the conditions required to maintain
the cells ex vivo. We eventually found that culture of the purified HEV
endothelial cells on plates coated with fibronectin and type I collagen in
an appropriate endothelial/DC culture medium allowed the survival of
the cells ex vivo for at least 12 days. However, HEV-specific gene
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Figure 2 | CD11c* DCs are essential for the homeostatic maintenance of
HEV phenotype. a, PLN sections from control mice (control) or Cd11¢c-DTR
transgenic mice (DTX) treated with DTX for 8 days were stained with MECA-79
or antibodies specific for the indicated proteins (left). Quantitative image
analysis of the immunofluorescence staining is also shown (right). Scale bar,
100 pm. b, qPCR analysis was performed using total RNA from HEV endothelial
cells (HEV) and non-HEV endothelial cells (Endo) that were sorted by flow
cytometry after isolation from DTX-treated or PBS-treated Cd11¢c-DTR
transgenic mice. The mean and s.d. from triplicate qPCR runs are plotted. Data
are representative of three independent experiments. *, P < 0.05; ***, P < 0.001.

expression (as determined by measuring the levels of Glycaml
messenger RNA) was strongly reduced when HEV endothelial cells
were grown alone ex vivo (Fig. 4b). Strikingly, when MECA-79" HEV
endothelial cells were co-cultured with CD11c* DCs purified from
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Figure 3 | CD11c" DCs control the rolling velocity and firm adhesion of
lymphocytes inside PLN HEVs. a, Visualization of the inguinal lymph node
microcirculation by intravital microscopy. b-e, The rolling fraction

(b), sticking fraction (c) and cumulative rolling velocities (d, e) of fluorescently
labelled wild-type lymphocytes were determined in the indicated venules. Data
were collected from three DTX- and three PBS-treated Cd11¢c-DTR bone
marrow chimaeras. d, e, Data represent the percentages of cells rolling at or
below a given velocity (V,q). The median V, in order III venules was
62.5ums” " in PBS-treated chimaeras and 129.6 ums™ ' in DTX-treated
chimaeras (d). The median V. in order IV venules was 20.3 pms ™' in PBS-
treated chimaeras and 92.9 um s~ ' in DTX-treated chimaeras (e). (d, PBS,

n =22 cells, 5 venules and 3 mice; DTX, n = 20 cells, 6 venules and 3 mice;
e, PBS, n = 12 cells, 4 venules and 3 mice; DTX, n = 22 cells, 10 venules and 3
mice.) Error bars, s.e.m. *, P < 0.05; *** P <0.001.

wild-type mice, Glycaml mRNA levels were maintained at levels
similar to those found in HEVs that were freshly purified from the
PLNs (Fig. 4b and Supplementary Fig. 11), indicating that CD11¢"
DCs regulate HEV phenotype directly. FucT-VII and GIcNAc6ST-2
mRNA levels could not be quantified in these experiments, probably
because our qPCR assay was not sensitive enough or because all of the
properties of HEVs may not be maintained in the co-cultures.

The lymphotoxin-f receptor (LT-BR), which is expressed on
HEV endothelial cells*, has been shown to have a crucial role in the
homeostatic maintenance of HEVs*, so we tested the possibility that
this receptor may be involved in the cross-talk between HEV endothelial
cells and CD11c" DCs. We found that interrupting LT-PBR signalling
through the addition of LT-BR-immunoglobulin soluble inhibitor
(but not control Fc-immunoglobulin) to the co-cultures abrogated
the enhancing effect of CD11c™ DCs on Glycam1 expression ex vivo
(Fig. 4c and Supplementary Fig. 11). CD11c* DCs isolated from the
PLNs (Supplementary Fig. 10) or the spleen expressed transcripts
encoding the LT-PR ligands lymphotoxin-oo (LT-o), LT-B and
LIGHT (Fig. 4d, e), and the expression levels of these ligands were
higher in CD11MMHC class 1™ DCs (classical DCs (cDCs); the
major population depleted in Cd1Ilc-DTR transgenic mice) than in
CD11¢™*MHC class II" DCs (migratory DCs (mDCs)) (Fig. 4d).
Interestingly, the expression levels of LT-o- and LT-B-encoding tran-
scripts (Lta and Ltb mRNA) in DCs were similar to those of naive B
cells from PLNs (Fig. 4e), and such levels are sufficient for the
maintenance of follicular DC networks in the lymph nodes*. The
expression levels of Lta and Ltb in DCs may thus be appropriate for
homeostatic maintenance of HEVs.
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Figure 4 | DC-derived LT is important for lymphocyte homing to lymph
nodes in vivo. a, Immunofluorescence staining of HEVs (MECA-79 staining)
co-cultured with DCs. Scale bar, 10 pm. b-e, qPCR analysis of Glycam1

(b, ), Lta, Ltb and Light (d, ¢) mRNA levels. Mean and s.d. from triplicate
qPCR runs are plotted (b-e). D, day; Endo, non-HEV endothelial cells;
HEV+3DC (Endo+3DC), the number of DCs in the co-cultures was threefold
the number of HEV (Endo) endothelial cells. f-h, Analysis of Cd11c-DTR/
Lt™'" and Cd11¢-DTR/Lt™"" chimaeric mice (f). Lethally irradiated wild-type
(WT) mice were reconstituted with the indicated bone marrow mixture
(dashed boxes). Cellularity in (g) and lymphocyte homing to (h) lymph nodes
were determined by flow cytometry after 10 days of DTX treatment (1 = 4 mice
per group). Data are representative of two independent experiments.

b-e, g, h, Error bars, s.e.m. *, P<<0.05; **, P<<0.01; *** P <0.001.

To examine the potential role of DC-derived LT in vivo, we generated
mixed bone marrow chimaeras by reconstituting lethally irradiated
wild-type mice with 50% bone marrow from CdlIlc-DTR transgenic
mice and 50% bone marrow from Lia-deficient (denoted Lt /7)) or
wild-type (Lt"'") mice (Fig. 4f). Injection of DTX into the Cdllc-
DTR/Lt ™'~ or Cd11c-DTR/Lt""™ chimaeric mice induced depletion
of Lt*'" DCs harbouring the Cd11¢c-DTR transgene but spared non-
transgenic Lt '~ and Lt"'" DCs (Supplementary Fig. 12). The
cellularity of the PLNs and cervical lymph nodes and lymphocyte
homing to these lymph nodes (Fig. 4g, h), but not to the Peyer’s patches
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and the spleen (Supplementaty Fig. 12), were significantly reduced in
DTX-treated Cd11c-DTR/Lt "~ chimaeric mice (which retained only
LT-deficient CD11c"* DCs) compared with DTX-treated Cd11c-DTR/
Lt"'™ chimaeric mice. DC-derived LT is thus important in vivo for
HEV-mediated lymphocyte recruitment to lymph nodes.

In conclusion, our findings uncover a previously unsuspected and
important function of DCs in the control of HEV phenotype and
lymphocyte entry to lymph nodes during homeostasis in adult mice.
DCs thus have a dual role; they function as antigen-presenting cells®,
but they also regulate lymphocyte recirculation to ensure that the
appropriate lymphocytes will come into contact with their cognate
antigens. The role of DCs in the maintenance of blood vessel phenotype
is reminiscent of the role of astrocytes in the brain**. However,
astrocytes induce blood-brain barrier characteristics that limit the
entry of molecules and cells (including lymphocytes) to the brain,
whereas DCs regulate HEV characteristics that allow lymphocyte
entry to lymph nodes. The development of HEVs is observed in many
chronic inflammatory diseases’, and CD11c" DCs from inflamed
tissues produce LT?**” and regulate HEV angiogenesis®®. A better
understanding of the cross-talk between DCs and HEVs may thus
provide a basis for novel approaches to control the development of
HEVs in clinical situations.

METHODS SUMMARY

Cdl1¢-DTR mice (BG.FVB—TgI lgax-DIR/EGEP.S7] 4 1T) were purchased from the
EMMA European network, and C57BL/6 mice were purchased from Charles
River Laboratories. C57BL/6:Lt '~ mice were provided by H. Korner and S. A.
Nedospasov. For bone marrow chimaeras, a single-cell suspension generated from
the flushed bone marrow of femurs and tibias was injected intravenously into mice
that had been irradiated with 900rad. Chimaeras were incubated for at least
12 weeks before use. All mice were handled according to institutional guidelines
under protocols approved by the Institut de Pharmacologie et de Biologie
Structurale and Région Midi-Pyrénées animal care committees. For DC depletion,
mice were treated with DTX (Sigma), which was administered intraperitoneally at
6 ng per gram (body weight) every two days. BMDCs were generated in medium
containing mouse GM-CSF, as described previously”, and then treated with
lipopolysaccharide and injected subcutaneously into recipient mice every
2days. Homing assays and intravital microscopy analyses with fluorescent
lymphocytes were performed as previously described'**. Immunofluorescence
staining was performed on Bouin-fixed, paraffin-embedded or cryopreserved
mouse lymph node sections. HEV endothelial cells (CD45 CD31"MECA-79")
and non-HEV endothelial cells (CD45 CD31"MECA-79") were isolated from
lymph node stromal-cell suspensions (using pooled PLNs from 5-20 mice) by flow
cytometry using a FACSAria II cell sorter. CD11¢”MHC class IT* wild-type DCs
were sorted from non-adherent cells in the same pool of PLN cells. For co-culture
assays, sorted cells were seeded in 96-well tissue culture plates coated with rat
fibronectin, type I collagen and gelatine (Sigma) and were grown ex vivo for 11-12
days in endothelial/DC culture medium. LT-BR-immunoglobulin fusion protein
(5pgml™'; R&D Systems) or control human Fc-immunoglobulin was added to
the co-cultures every 2 days. QPCR was performed as described previously™.
Statistical analysis was performed using the Mann-Whitney test (for lymph node
cellularity and velocity histograms) or an unpaired Student’s ¢-test (for homing
assays, and rolling and sticking fractions). Differences were considered statistically
significant when P < 0.05.

Full Methods and any associated references are available in the online version of
the paper at www.nature.com/nature.
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METHODS

Mice. C57BL/6 wild type mice were purchased from Charles River Laboratories,
and Cd11¢-DTR transgenic mice (B6.FVB-Tg e PTRECFPST] ap/1)16 were pur-
chased from the EMMA European network. CdlIc-DTR mice were maintained
on the C57BL/6 and C57BL/6:Rag2” '~ genetic backgrounds. All CD11¢-DTR
transgenic mice used in this study were heterozygous transgenic. C57BL/
6:Lt "'~ mice®*> were provided by H. Korner and S. A. Nedospasov. C57BL/
6:Cd45.1 and C57BL/6:Rag2”'~ mice were obtained from O. Lantz, and C57BL/
6:Ccr7 '~ mice were obtained from M. Lipp and E. Donnadieu. All mice were bred
under specific-pathogen-free conditions and handled according to institutional
guidelines under protocols approved by the Institut de Pharmacologie et de
Biologie Structurale and Région Midi-Pyrénées animal care committees.

Bone marrow chimaeras. A single-cell suspension generated from the flushed bone
marrow of femurs and tibias from donor mice was injected intravenously into mice
that had been irradiated with 900 rad. Chimaeras were incubated for at least 12 weeks
before use. Mixed bone marrow chimaeras® were generated by transferring a
mixture of 50% bone marrow from Cdllc-DTR transgenic mice and 50% bone
marrow from Lt /" or Lt~ mice into lethally irradiated wild-type recipient mice.
Depletion of CD11c* DCs. For systemic DC depletion, mice were given DTX
(Sigma) intraperitoneally at a dose of 6 ng per gram (body weight) every two days.
As controls, mice received intraperitoneal injections of PBS vehicle. Cd11¢c-DTR
transgenic and chimaeric mice were treated with DTX or PBS for 8 and 10 days,
respectively. To evaluate the efficacy of DC depletion, spleens and lymph nodes
were analysed by flow cytometry for the presence of CD11c¢*GFP™ cells or
CD11c"MHC class I cells.

Analysis of blood and lymph nodes. Peripheral blood was obtained by cardiac
puncture and was stored in EDTA-containing tubes at 4 °C until analysis with an
automated haematological analyser (Sysmex XT 2000i). Freshly isolated mucosal
lymph nodes (three cervical and one mesenteric) and PLNs (one inguinal and one
brachial) were digested with type D collagenase (Roche laboratories), and single-
cell suspensions were counted (size >7 pum) with a Z1 Particle Counter (Beckman
Coulter).

Analysis of surface markers. The following monoclonal antibodies for cell
surface staining were purchased from BD Biosciences: anti-CD11c (HL3), anti-
CD45.1 (A20), anti-CD45.2 (104), anti-Grl (RB6-8C5), anti-CD3 molecular
complex (17A2) and anti-CD19 (1D3) antibodies. The following monoclonal
antibodies were purchased from eBioscience: anti-CD1lc (N418) and anti-
MHC class II (I-A/I-E) (M5/114.15.2) antibodies. After a 20-min blocking step
on ice (in PBS containing 1% FCS, 5% normal mouse serum, 5 mM EDTA, 0.1%
NaNj, 5 g ml ™! anti-CD16/CD32 (2.4G2, BD Biosciences)), cells were incubated
with conjugated antibodies (conjugates were FITC, Alexa 488, PE, PE-Cy7, Alexa
700, biotin or APC) diluted in FACS buffer (PBS containing 1% FCS, 5 mM EDTA
and 0.1% NaN3). When biotinylated monoclonal antibodies were used, cells were
incubated with APC- or PE-Cy7-conjugated streptavidin (BD Biosciences). Flow
cytometry analyses were performed on a FACSCalibur or an LSRII flow cytometer
(BD Biosciences).

Immunofluorescence staining. Immunofluorescence staining was performed on
5um sections from Bouin-fixed, paraffin-embedded or cryopreserved mouse
lymph nodes, as described previously™, using the following primary antibodies:
the rat monoclonal antibodies MECA-79 (ATCC) and MECA-367 (anti-
MADCAML1, Pharmingen; for cryosections); rabbit polyclonal antibodies against
CD31 (Abcam), GLYCAM1 (CAMO2; provided by S. D. Rosen), GIcNAc6ST-2
(GST-3, provided by S. D. Rosen) and FucT-VII (provided by J. B. Lowe). For
quantitative image analysis of the immunofluorescence staining, lymph node
sections were immunostained in parallel using the same dilutions of antibodies
and reagents, and fluorescent images, which were captured using identical
exposure times and settings, were analysed with Image] software, as described
previously®”.

In vivo homing assays. A single-cell suspension of naive lymphocytes was pre-
pared from a pool of spleen (after lysis of the red blood cells in ammonium
chloride, potassium bicarbonate and EDTA) and PLNs from C57BL/6 mice.
Lymphocytes labelled with CFSE (Molecular Probes, Invitrogen) were injected
intravenously into recipient mice. The number of fluorescent cells recruited to
each lymph node was determined 4h after injection, by flow cytometry or by
fluorescence microscopy, as described previously™.

Adoptive transfer of BMDCs. BMDCs were generated in medium containing
mouse GM-CSF, as described previously”. BMDCs were then incubated with
0.5 pg ml ™" lipopolysaccharide (Sigma-Aldrich) for 1h at 37 °C, washed, labelled
with CMTMR (Molecular Probes, Invitrogen) and injected (5 X 10° cells per
mouse) into two subcutaneous sites (the footpad and thigh). Cells were injected
every 2 days at the time of intraperitoneal DTX injection, for 8 days (a total of
2 X 10 BMDCs per mouse). In some experiments, BMDCs were prepared in the
absence of lipopolysaccharide (Supplementary Fig. 5d, e).

LETTER

Intravital microscopy. Intravital microscopy was performed as described previ-
ously'>**¥. Naive lymphocytes labelled with calcein (Molecular Probes,
Invitrogen) were injected into the right femoral artery, and cell behaviour in lymph
node venules was assessed as described previously". To determine the rolling
fractions (the percentage of rolling cells in the total flux of cells in each venule)
and the sticking fractions (the percentage of rolling cells that subsequently arrested
for >30s), the data were generated from three DTX-treated Cd11c-DTR chimaeric
mice (number of venules analysed/venular order: 2/II, 4/II1, 8/IV and 16/V) and
three PBS-treated CdlIc-DTR chimaeric mice (number of venules analysed/
venular order: 2/II, 3/III, 5/IV and 7/V) (with DTX and PBS treatment for 10
days). In some experiments, Alexa-488-conjugated MECA-79 monoclonal
antibody (Molecular probes A488 labelling kit) was injected intravenously to
visualize the HEV network.

Isolation of HEV endothelial cells and CD11c¢*MHC class II* DCs from
PLNs. PLNs were pooled and gently squeezed, and the non-adherent cells were
washed out. The stromal elements were digested with type II collagenase (Gibco)
for 1h at 37 °C, and the single-cell suspensions obtained were passed through a
40 um cell strainer (BD Biosciences) and stained with anti-CD45 (30-F11, BD
Biosciences), anti-CD31 (MEC13.3, BD Biosciences) and MECA-79 monoclonal
antibodies for 1 h at 4 °C. In some experiments, one round of CD45 ™ cell depletion
with Dynabeads was performed. HEV endothelial cells (CD45~CD31*MECA-
79") and non-HEV endothelial cells (CD45 CD31 " MECA-79 ) were isolated by
cell sorting using a FACSAria II cell sorter (BD Biosciences). CD11c"MHC class
1" wild-type DCs, CD11cMMHC class 1™ DCs (classical DCs (cDCs)) and
CD11¢™MHC class II™ DCs (migratory DCs (mDCs)) were sorted from non-
adherent cells from the same PLNs. Anti-rat/hamster Igk chain compensation
particles (BD CompBeads, BD Biosciences), single stained with each of the
antibodies, were used as compensation controls.

Co-culture assays. Sorted cells were seeded in 96-well tissue culture plates coated
with rat fibronectin (Sigma) and type I collagen (Sigma) in 0.2% gelatine (Sigma).
Cells were grown ex vivo for 11-12 days in endothelial/DC culture medium: a
mixture of 50% BD Endothelial Cell Culture Medium and 50% RPMI-1640 sup-
plemented with 1X Endothelial Cell Growth Supplement (ECGS, BD Biosciences),
1X epidermal growth factor (EGF, BD Biosciences), 15% FCS, 8% mouse serum,
L-glutamine, non-essential amino acids, penicillin/streptomycin (Invitrogen),
10 ngmr1 recombinant mouse GM-CSF (tebu-bio) and 2-mercaptoethanol
(Sigma). Survival of the isolated HEV endothelial cells in culture was sensitive to
the batches of ECGS and serum; in some experiments, 1.5X ECGS, 1.5X EGF, 20%
FCS, 4% newborn calf serum and 4% KnockOut Serum Replacement (Invitrogen)
were used to increase the survival of the cells. In some experiments, LT-BR-
immunoglobulin fusion protein (5 pugml ™", R&D Systems) or control human Fc-
immunoglobulin (5 ug ml ™", Chemicon) was added to the co-cultures every 2 days.
qPCR. Total RNA was isolated from DCs, HEV endothelial cells and non-HEV
endothelial cells with an Absolutely RNA Nanoprep kit (Stratagene), and qPCR
was performed as described previously®. The housekeeping gene Ywhaz and the
endothelial cell gene Cd31 were used as control genes for normalization. The
primer sequences were as follows: Ywhaz, 5'-ACTTTTGGTACATTGTGGCTT
CAA-3' and 5'-CCGCCAGGACAAACCAGTAT-3'; Cd31, 5'-TCCCTGGGAG
GTCGTCCAT-3" and 5'-GAACAAGGCAGCGGGGTTTA-3"; VE-cadherin,
5"-TCCTCTGCATCCTCACTATCACA-3" and 5'-GTAAGTGACCAACTGCT
CGTGAAT-3'; Glycaml, 5'-AGAATCAAGAGGCCCAGGAT-3" and 5'-TGG
GTCTTGTGGTCTCTTCCA-3'; FucT-VII, 5'-CAGATGCACCCTCTAGTACT
CTGG-3" and 5 -TGCACTGTCCTTCCACAACC-3'; GIctNAc6ST2, 5'-GGCA
AGCAGAAGGGTTAGG-3" and 5'-CTGGGAACCCAGGAACATC-3"; Ltb,
5'-ACCTCATAGGCGCTTGGATG-3' and 5'-ACGCTTCTTCTTGGCTCGC-3';
Lta,5'-CCAGGACAGCCCATCCACT-3" and 5'-GTACCCAACAAGGTGAGC
AGC-3'; Light, 5'-CGATCTCACCAGGCCAAC-3" and 5'-TCCACCAATACCT
ATCAAGCTG-3"; Ccl21, 5'-AAGGCAGTGATGGAGGGG-3' and 5'-CGGG
TAAGAACAGGATTG-3'; Cxcl13, 5'-CATAGATCGGATTCAAGTTACG-3'
and 5'-TCTTGGTCCAGATCACAACTTCA-3'; Icaml, 5'-GGGAATGTCAC
CAGGAATGT-3" and 5-GCACCAGAATGATTATAGTCCA-3'; Vcaml,
5'-GGATCGCTCAAATCGGGTGA-3" and 5'-GGTGACTCGCAGCCCGTA-3;
and Gapdh, 5'-CCACCCCAGCAAGGACACT-3" and 5'-GAAATTGTGAGGG
AGATGCTCA-3'".

Statistical analysis. Statistical analysis was performed using the Mann-Whitney
test (for lymph node cellularity and velocity histograms) or an unpaired Student’s
t-test (for homing assays, and rolling and sticking fractions). For BMDC adoptive
transfer, PBS and DTX groups were compared with a Mann-Whitney test, and
DTX and DTX+BMDC groups were compared with a paired Student’s ¢-test.
Differences were considered statistically significant when P < 0.05.
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