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Upon differentiation, T cells acquire tissue-specific homing properties allowing efficient targeting of effector T cells into distinct
inflamed organs. Priming of T cells within skin-draining, peripheral lymph nodes (pLNs) leads to the expression of E- and P-selec-
tin ligands, which facilitate migration into inflamed skin, whereas activation within gut-draining, mesenteric LNs (mLNs) results
in induction of chemokine receptor CCR9 and integrin a,f3,, both required for migration of effector T cells into mucosal tissues. In
addition to the local tissue microenvironment, both organ-specific dendritic cells and LN-resident stromal cells are critical factors
to shape T cell migration properties. Here, we identify two additional homing-related molecules, CCR6 and Neuropilin-1 (Nrpl),
upregulated in T cells early during differentiation solely in pLNs, but not mLNs. Surprisingly, intestinal inflammation resulted in
an ameliorated induction of CCR6 and Nrpl in pLNs, suggesting that a local inflammation within the gut can systemically alter
T cell differentiation. Finally, transplantation of mLNs to a skin-draining environment revealed that LN stromal cells also contrib-
ute to efficient CCR6 induction in pLNs. Collectively, these findings identify further aspects of early T cell differentiation within

skin-draining pLNs, which could be utilized to further develop tailored and highly specialized vaccination strategies.

Keywords: skin-draining lymph node, gut-draining lymph node, T cell differentiation, CCR6, Neuropilin-1, inflammation,

lymph node stromal cells

Introduction

T cells continuously recirculate through the body, pass-
ing through different lymph nodes (LNs) to scan dendritic
cells (DCs) for the presence of cognate antigens. Upon
recognition of their respective antigen, naive T cells get
activated, differentiate and acquire not only effector func-
tions, but also the ability to migrate to the tissue drained by
the priming LNs [1-3].

The induction of tissue-specific homing properties on
T cells depends on molecular and cellular mediators of the
tissue-specific LNs, including DCs and soluble lymph-
derived factors [4-11]. In this context, skin-draining, pe-
ripheral LNs (pLNs) were shown to be a preferential induc-
tion site for E- and P-selectin ligands [12, 13], which favor
the migration of effector T cells into inflamed skin. On the
contrary, gut-draining mesenteric LNs (mLNs) were found
to support the induction of chemokine receptor CCR9 and

integrin o,f, [12, 14, 15], thereby facilitating migration of
primed T cells into mucosal tissues. More recently, novel
insights into the segregation of lymphocyte homing to dif-
ferent segments of the intestine are emerging, as migration
to the small intestine more dominantly requires expression
of CCRY and a,B,, whereas Gprl5 promotes homing to
colonic lamina propria [16, 17].

The chemokine receptor CCR6 is also induced upon
T cell differentiation and can be found on both Foxp3™ reg-
ulatory T cells (Tregs) as well as inflammatory Th17 cells
[18, 19]. The CCR6 ligand chemokine C-C motif ligand
(Cc1)20 contributes to the recruitment of CCR6-expressing
cells and is highly inducible under inflammatory condi-
tions [20]. Expression of CCR6 on regulatory and effector
T cells is key for various pathological settings, including
psoriasis, graft-versus-host disease (GvHD), inflammatory
bowl diseases, experimental autoimmune encephalomyeli-
tis (EAE) and rheumatoid arthritis [18, 21-26]. Although

* Corresponding author: Jochen Huehn, Department Experimental Immunology, Helmholtz Centre for Infection Research,
InhoffenstraBBe 7, 38124 Braunschweig, Germany; Phone: +49 531 6181 3310; Fax: +49 531 6181 3399;

E-mail: Jochen.Huehn@helmholtz-hzi.de

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium for non-commercial purposes, provided the original author and source are credited.

First published online: August 23, 2016 ISSN 2062-8633 © 2016 The Author(s)



220

J. Pezoldt, J. Huehn

it is known that stable expression of CCR6 on effector/
memory T cells is under epigenetic control [27], no prefer-
ential induction site for CCR6 expression has been report-
ed so far. Similarly, the requirements for an efficient in-
duction of the cell surface molecule Neuropillin-1 (Nrp1),
which is known to foster the interaction of T cells with
DCs [28], remain enigmatic. Several studies suggest that
Nrpl can be used to distinguish between thymus-derived
Tregs (tTregs) and peripherally-induced Tregs (pTregs)
under certain circumstances [29, 30], however, whether
Nrpl is induced on differentiated T cells in a tissue-spe-
cific manner is completely unknown.

Through their unique structural makeup LNs serve as a
hub for immune cell migration and interaction [31]. DCs,
which are constantly sampling antigens within tissues, can
migrate to local draining LNs, where they only have a short
functional life span of several days, being continuously
replaced by newly arriving DCs [32, 33]. Importantly, in-
coming DCs can be influenced by the microenvironment of
the LN and thereby can even change their tissue-derived,
T cell priming properties [7]. To a significant degree, the
microenvironment of LNs is determined by LN stromal
cells, which in contrast to the highly mobile DCs, are ses-
sile and have a low turn-over under steady-state conditions
[34]. Among the LN stromal cells are fibroblastic reticular
cells (FRCs), which are dominating the T cell zone [35,
36] and which have been linked to several immune modu-
latory functions, ranging from limiting T cell expansion to
regulating peripheral tolerance [37-39]. Accordingly, stro-
mal cells of gut-draining mLNs were shown to significant-
ly contribute to both the efficient induction of gut-homing
molecules on differentiated CD4" T cells [40, 41] as well
as the efficient de novo induction of Foxp3™ Tregs [42].

Here we report that both CCR6 and Nrpl are induced
on recently activated CD4" T cells selectively in skin-
draining pLN when compared to gut-draining mLN. In-
terestingly, a chronic inflammation of the colon negatively
influenced this preferential induction of CCR6 and Nrp1 in
pLN. Finally, LN transplantation experiments revealed a
significant contribution of LN stromal cells to the efficient
CCR6 induction in pLNs. In conclusion, these findings
contribute to a better understanding of the early stages of
T cell differentiation within skin-draining pLNs, findings
that could be of significance for the development of novel
vaccination strategies.

Materials and Methods

Mouse strains

Foxp3"“P’xRag2 " xDO11.10 (BALB/c), Foxp3"*xThy1.1
(BALB/c), Thyl.1 (BALB/c) and BALB/c mice (Janvier)
were bred or kept at the Helmholtz Centre for Infection
Research (Braunschweig, Germany). Water and Ova-free
diet were supplied ad libitum. In all experiments, gender-
and age-matched mice were used. All mice were housed
and handled under specific pathogen-free conditions.
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Chronic DSS colitis

To induce a chronic inflammation of the colon, mice were
treated for four cycles with 5% dextran sodium sulfate
(DSS, 36-50 kDa, MP Biomedicals) in drinking water
ad libitum for four days followed by ten days of normal
drinking water.

Antibodies and flow cytometry

Fluorochrome-conjugated anti-human CD2 (clone
RPA-2.10), anti-CD3 (clone 145-2C11), anti-CD4 (clone
RM4-5), anti-CD196 (CCR®6, clone 129816), anti-CD199
(CCRY, clone CW-1.2), anti-CD304 (Nrpl, clone 3E12),
and anti-Ova-TCR (clone KJ1.26) were purchased from
eBioscience, BD and Biolegend. Polyclonal anti-CD304
(Nrpl1) antibodies were purchased from R&D. Live/Dead
discrimination was carried out utilizing LIVE/DEAD Fix-
able Dead Cell Stain (Invitrogen). Flow cytometry was
performed using LSRII or LSR Fortessa flow cytometer
with Diva software (BD), and data were analyzed with
FlowJo software (TreeStar).

T cell isolation, adoptive transfer and
in vivo T cell differentiation

Single cell suspensions were generated from spleens and
LNs of Foxp3"“"*xRag2 " xDO11.10 mice, labeled with
cell proliferation dye CPDviolet (Invitrogen) and adop-
tively transferred without cell sorting. Approximately
3-10-10° cells were injected in 100 pl PBS (ThermoFisher
Scientific) i.v. per recipient mouse. Subsequently, in vivo
T cell differentiation was initiated by injecting 20 ug
Ovas,; 45, peptide i.v. on two consecutive days, starting
one day after adoptive T cell transfer. Three days after the
first immunization, cells were isolated from transplanted
LNs and endogenous control LNs and analyzed by flow
cytometry.

LN transplantations

For transplantations of LNs into the popliteal fossa,
BALB/c recipient mice were anesthetized with ketamine
(WDT) and xylazine (CP Pharma), the skin of the popliteal
fossa of the right hind leg was opened, and the endogenous
popliteal LN (popLN) and surrounding fat tissue was re-
moved. popLNs or mLNs dissected from SPF-housed do-
nor mice (BALB/c) were placed into the popliteal fossa,
and the cut was sewn with absorbable suture (Catgut). Be-
fore subjecting to further experimental procedure, recipi-
ents were housed for at least ten weeks to ensure restora-
tion of lymphatic and blood vessel connections to the LN.
Successful engraftment of transplanted LNs was verified
by footpad injection of 20 pl Patent V (25 mg/ml, Sigma-
Aldrich) into CO,-euthanized mice.
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Statistical analysis

Group sizes were estimated according to a presumed
standard deviation (SD) and an expected type I error of
<0.05. The sample size was adjusted, if required, based on
initial results. For all figures, each data point represents
a single mouse if not stated otherwise. Prism software
(GraphPad) was utilized for statistical analysis and graphs.
For comparison of unmatched groups, two-tailed Mann—
Whitney test was applied. All data are presented as mean
or mean + SD and p < 0.05 are considered as significant.
*p <0.05; **p <0.01, ***p <0.001.

Ethics

Animals were handled with appropriate care and wel-
fare in accordance with good animal practice as defined
by FELASA and the national animal welfare body GV-
SOLAS under supervision of the institutional animal wel-
fare officer, and all efforts were made to minimize suffer-
ing. Animal experiments were performed in accordance
with institutional, state, and federal guidelines, and all
animal experiments were approved by the Lower Saxony
Committee on the Ethics of Animal Experiments as well
as the responsible state office (Lower Saxony State Office
of Consumer Protection and Food Safety) under the permit
number 33.9-42502-04-12/1012.

Results

CCRG6 and Nrpl are induced during early T cell
differentiation selectively in skin-draining pLN

Numerous studies have addressed tissue-specific proper-
ties of the LN environment shaping T cell differentiation.
Particular progress was made with regard to integrins and
chemokine receptors required for gut homing, namely a,3,
and CCRO, as well as E- and P-selectin ligands, supporting
homing of effector T cells towards the inflamed skin [2,
12-15].

To determine additional differences during early
T cell differentiation taking place in skin-draining pLNs
and gut-draining mLNs, an adoptive transfer model uti-
lizing TCR-transgenic, Ova-specific naive Foxp3 CD4"
T cells from Foxp3"P*xRag2”xDO11.10 mice was ap-
plied in the present study. Subsequent to adoptive transfer
of T cells, recipient mice were immunized systemically
with Ova-peptide (Ova,,; 55,) via the i.v. route. This sys-
temic antigen application circumvents the uptake of an-
tigen within the tissue and thus allows studying intrinsic
properties of all LNs simultaneously, independent of the
route of antigen delivery. At day 3 after antigen applica-
tion, flow cytometric analysis revealed a comparable pro-
liferation of Ova-specific T cells within all pLN and mLN
(Fig. 1a). In line with previously published data [41, 42],
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Fig. 1. Induction of CCR9, Foxp3, CCR6 and Nrp1 in LNs is taking place in a tissue-specific manner. BALB/c mice received CPDviolet-
labeled cells from Foxp3™P2xRag2”xD011.10 mice. Repetitive i.v. injection of Ovays,, 35, peptide was performed on the two consecu-
tive days post adoptive transfer, and cells were analyzed on day 3 after the first immunization. (a) Exemplary dotplots show expression of
CCRY, Foxp3, CCR6 and Nrp1 on adoptively transferred T cells (gated as CD4"'OvaTCR" cells) over cell division for pLNs and mLNs.
Numbers indicate frequencies in gates. (b) Scatterplots summarize frequencies of CCR9", Foxp3", CCR6" and Nrp1™ cells among adop-
tively transferred CD4"OvaTCR" T cells for pLNs and mLNs. One representative of two independent experiments is shown (1 = 5)
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a significantly higher induction of CCR9 and Foxp3 was
observed in mLN when compared to pLN (Fig. /a, b). In
contrast, pLN showed a significantly higher induction of
CCR6 and Nrpl on Ova-specific T cells when compared
to mLN, and strikingly hardly any CCR6" cells could be
detected among Ova-specific T cells within mLN at all
(Fig. la, b).

To determine whether the endogenous T cell popu-
lations mirror the higher induction of CCR6 and Nrpl
among adoptively transferred Ova-specific T cells
within pLN, flow cytometric analysis was performed.
No difference of the frequency of CCR6" among total
CD4" T cells was identified, when comparing mLNs and
pLNs (Fig. 2a, b). Importantly, when dissecting the T cell
compartment into Foxp3" Tregs and Foxp3~ conventional
T cells, we observed slightly, but significantly elevated
frequencies of CCR6" cells among Foxp3"™ Tregs with-
in pLNs as compared to mLNs (Fig. 2a, b). However,
the frequency of Nrpl" cells among total CD4" T cells,
Foxp3" Tregs and Foxp3~ conventional T cells was simi-
lar for the analyzed LNs (Fig. 2¢). Together, these results
suggest that the tissue-specific microenvironment of the
skin fosters the induction of CCR6 and Nrp1 during early
T cell differentiation, but does not result in an accumu-
lation of CCR6" or Nrpl™ effector T cells within skin-
draining pLNs.

Chronic intestinal inflammation reduces CCR6
and Nrpl induction in skin-draining pLNs

The in vivo T cell differentiation studies had revealed
that hardly any CCR6" and only very low frequencies of
Nrpl* cells could be detected among Ova-specific T cells
within mLN. To determine whether intestinal inflamma-
tion would alter the induction of CCR6 and Nrpl with-
in mLNs, the chronic DSS colitis model was utilized to
achieve long-lasting inflammation [43]. Thereto, mice
were treated with four cycles of DSS in drinking water
for four days followed by ten days of normal drinking wa-
ter (Fig. 3a). Each DSS treatment cycle caused a transient
body weight loss, while repetitive DSS treatment resulted
in chronic inflammation as indicated by shortened colon
length and increased spleen size (data not shown). Next,
we analyzed the CCR6- and Nrpl-inducing properties of
mLNs from DSS-treated mice by adoptive transfer of na-
ive Ova-specific T cells and subsequent systemic immuni-
zation as described above. We could not observe any im-
pact of chronic intestinal inflammation on the proliferation
of adoptively transferred T cells in both pLNs and mLNs
(Fig. 3b). Furthermore, the frequency of CCR6" and Nrp1*
Ova-specific T cells remained low within mLNs of DSS-
treated mice (Fig. 3¢, d). However, we observed a signifi-
cant reduction in the induction of both CCR6 as well as
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Fig. 2. No enrichment of CCR6" or Nrp1© effector T cells within skin-draining pLNs. (a) Exemplary dotplots show expres-
sion of CCR6 in indicated T cell populations of mLNs (upper row) or pLNs (lower row). Numbers indicate frequencies in
gates. (b) Scatterplot summarizes frequencies of CCR6" cells within indicated T cell populations for pLNs (filled circles) and
mLNs (open circles). (c) Scatterplot summarizes frequencies of Nrpl™ cells within indicated T cell populations for pLNs
(filled circles) and mLNs (open circles). Pooled data from two independent experiments are shown (n = 10-18)
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Nrpl in pLNs of DSS-treated compared to untreated con-
trol mice (Fig. 3c, d), suggesting that a chronic inflamma-
tion within the intestine can impact functional properties
of skin-draining pLNs and alter their T cell differentiation
capacities.

LN stromal cells critically contribute to efficient CCR6
induction within pLNs

We had previously shown that LN stromal cells signifi-
cantly contribute to the unique functional properties of
gut-draining mLNs, as they had a direct impact on both
the efficient induction of gut-homing molecules on dif-
ferentiated CD4" T cells [41] as well as on the efficient
de novo induction of Foxp3" Tregs [42]. To investigate
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Fig. 3. Chronic intestinal inflammation ameliorates CCR6 and
Nrp1 induction in skin-draining pLNs. (a) BALB/c mice (Janvier)
aged eight weeks were treated with 5% DSS in drinking water
ad libitum for four days followed by ten days of normal drink-
ing water. This treatment cycle was repeated four times. Sub-
sequently, BALB/c mice received CPDviolet-labeled cells from
Foxp3'“P?xRag2”xDO11.10 mice. Repetitive i.v. injection of
Ova,,, 35, peptide was performed on the two consecutive days
post adoptive transfer, and cells were analyzed on day 3 after the
first immunization. (b) Scatterplot depicts geometric mean fluo-
rescence intensity (MFI) of CPDviolet from adoptively trans-
ferred OvaTCR"CD4" T cells for pLNs and mLNs in DSS-treated
(open circles) and untreated mice (filled circles). One representa-
tive of two independent experiments is shown (n = 4-7). (c, d)
Scatterplots summarize frequencies of CCR6" (c) and Nrp1* (d)
cells among adoptively transferred CD4"OvaTCR" T cells for
pLNs and mLNs in DSS-treated (open circles) and untreated mice
(filled circles). Pooled data from two independent experiments
are shown (n=6-11)

whether LN stromal cells also contribute to the efficient
induction of CCR6 among activated T cells within pLN,
we here performed LN transplantation experiments.
Upon transplantation of LNs, all hematopoietic cells of
donor origin are completely replaced by hematopoietic
cells of the recipient mice as early as five weeks after
LN transplantation, whereas non-hematopoietic stromal
cells are largely retained in transplanted LNs [41]. Here,
mLNs of healthy donor mice were transplanted into the
popliteal fossa of recipient mice after excision of the en-
dogenous, skin-draining popliteal LN (popLN). popLNs
were transplanted as controls. After engraftment of the
transplanted LNs, the in vivo T cell differentiation po-
tential of transplanted LNs was analyzed as described
above (Fig. 4a). Proliferation of adoptively transferred
T cells was similar within transplanted popLNs and
mLNs (Fig. 4b). Importantly, CCR6 induction among
Ova-specific T cells was similar in transplanted popLN
when compared to endogenous popLN (Fig. 4b, ¢). How-
ever, transplanted mLNs contained significantly lower
frequencies of induced CCR6" cells among Ova-specific
T cells when compared to transplanted popLN (Fig. 4c),
suggesting that pLN stromal cells significantly contrib-
ute to the efficient induction of CCR6 among activated
T cells within skin-draining LNs.

invivo T cell
a Tx differentiation
1 LL 1 »
1 L 1 hl
Engraftment
b transplanted c
gated on CD4'OvaTCR* 40, -2X* *
platil & o
POPLN 59 5 2. |oo®
g 301 a0 %
o o L4
Cai = Qo LI}
L_%i 8 201 OOO '.
4 ué ° —
+ n
mLN & 107 -
g 17.8 8
8 20 T h T T
e popLN mLN popLN mLN
T i endogenous  transplanted
— CPDvioclet

Fig. 4. LN stromal cells support efficient CCR6 induction within
pLNs. (a) The endogenous popLN was removed and replaced by
mLNs or popLNs from 10-12-week-old BALB/c donor mice.
After engraftment of the transplanted LN, recipient mice received
CPDviolet-labeled cells from Foxp3"?xRag2 " xDO11.10 mice.
Repetitive i.v. injection of Ova,,; 55, peptide was performed on
the two consecutive days post adoptive transfer, and cells were
analyzed on day 3 after the first immunization. (b) Exemplary dot-
plots show expression of CCR6 on adoptively transferred T cells
(gated as CD4"OvaTCR" cells) over cell division for transplanted
popLNs (upper row) and mLNs (lower row). Numbers indicate
frequencies in gates. (¢) Scatterplot summarizes frequencies of
CCR6" Tregs among adoptively transferred CD4°OvaTCR"*
T cells recovered from endogenous (open symbols) and trans-
planted indicated LNs (filled symbols). Pooled data from two in-
dependent experiments are shown (n = 6—13). Tx, transplantation
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Discussion

Differential induction of E- and P-selectin ligands, inte-
grin o,B, and chemokine receptor CCRY during early
T cell differentiation had been reported for skin- and gut-
draining LNs [2, 12, 13]. In the present study, we identified
both CCR6 and Nrpl1 to be predominantly induced in skin-
draining pLN, but not in gut-draining mLN, and could ob-
serve a significant contribution of LN stromal cells to the
efficient CCR6 induction in pLNs.

The cell surface receptor Nrpl has been suggested as
a marker for tTregs [29, 30]. However, Nrpl expression
is also associated with T cell activation, differentiation
and inflammation, and under certain conditions can be
even induced in pTregs [29, 30]. Accordingly, numerous
Foxp3 Nrpl™ T cells were previously found within human
secondary lymphoid organs, and Nrp1 could be induced on
peripheral blood-derived T cells upon in vitro activation
[44]. However, the molecular factors supporting Nrp1 in-
duction remain largely unknown. Results from the present
study suggest that the skin-specific microenvironment pro-
motes Nrpl induction. Further insights into the induction
and function of Nrpl have been derived from studies on
different cancer types, where Nrpl expression promotes
proliferation and survival of tumor cells and limits apopto-
sis [45]. Induction of Nrpl can be mediated by epidermal
growth factor (EGF) and vascular endothelial growth fac-
tor (VEGF) [46]. Importantly, FRCs are the major source
of VEGF in pLNs [47], and display a higher VEGF ex-
pression than FRCs derived from mLNs [48], suggesting
VEGF as a potential contributor to promote the induction
of Nrpl. Although it has also been reported that Nrp1 ex-
pressed on Foxp3" Tregs can regulate the anti-tumor im-
mune response by guiding Tregs into tumor sites in re-
sponse to tumor-derived VEGF [49], it is highly unlikely
that the higher frequency of Nrp1* Ova-specific T cells in
pLNs observed in the present study is a consequence of a
selective recruitment of Nrp1™ cells to pLNs since the in-
duction of Nrpl was monitored at an early time point after
T cell stimulation, excluding a significant contribution of
T cell recruitment. Furthermore, Nrp1 has been described
to enhance the interaction of Nrp1™ T cells with DCs [28]
via a semaphorin-4a (Sema4a) mechanism [50], thereby
promoting sensitivity to antigenic material presented by
DCs. As DCs from skin-draining LNs express Semada at
higher levels than their analogues from mLNs (www.im-
mgen.org), the enhanced expression of Nrpl by recently
primed T cells might provide survival and proliferation
signals.

Increased frequencies of CCR6" regulatory and effec-
tor T cells were found in various inflammatory models
and/or diseases [18, 21-26]. CCR6 expression has been
associated with the capacity of effector T cells to produce
IL-17 [19] and allows migration of both inflammatory
Th17 cells and Foxp3™ Tregs to sites of inflammation me-
diated via Ccl20 [51]. However, although a high frequen-
cy of CCR6" cells had been observed in the present study
among Ova-specific T cells within skin-draining pLNs, no
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increased capacity to produce IL-17 was detectable (data
not shown), suggesting that the priming conditions of the
present study only result in the induction of CCR6 expres-
sion, but not acquisition of IL-17-producing properties at
these early stages of T cell differentiation. A number of
cytokines such as IL-2, IL-1B, IL-6 and TGF-f have been
reported to promote co-expression of CCR6 and IL-17 [52,
53]. Future studies will have to dissect which molecular
mediators or signaling pathways selectively induce either
CCR6 or IL-17, and this knowledge could e.g. be used
for the generation of inflammation-seeking CCR6" Tregs
lacking the capacity to produce pro-inflammatory IL-17.

Results from the present study suggest a contribution
of LN stromal cells to the efficient induction of CCR6
among Ova-specific T cells within skin-draining pLNs. We
recently had demonstrated that pLN stromal cells have a
negative impact on the de novo induction of Foxp3" Tregs
as we observed a significantly reduced frequency of Ova-
specific Foxp3™ Tregs within pLNs that had been trans-
planted to the mesenteries [42]. Accordingly, when mLNs
were transplanted to the skin-draining popliteal fossa, the
induction of CCR6 was reduced, indicating that mLN stro-
mal cells alter the skin-draining environment and change
early T cell differentiation. The LN transplant setting not
only identifies LN stromal cells as important contributors
in CCR6 induction, but also underlines the stability of the
phenotype of mLN stromal cells, since mLNs not only par-
tially retained their functional properties upon transplanta-
tion into a skin-draining environment, but also could resist
inflammatory perturbations as no increase in the induction
of CCR6 was observed in mLNs after chronic DSS treat-
ment.

In summary, we could demonstrate that the cell surface
molecules CCR6 and Nrpl were differentially induced in
a LN-specific manner and that LN stromal cells signifi-
cantly contribute to modulate CCR6 induction. Utilizing
the intrinsic properties of different LNs to generate anti-
gen-specific responses might enable the development of
novel, highly tailored vaccination approaches to confer
pathogen- and tissue-specific protection.
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