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Abstract

During the initiation of adaptive immune responses, millions of lymphocytes must be scanned to
find the few cognate clones. The activation mechanisms of CD4 T cells have been extensively
studied, but the cellular mechanisms that drive selection of cognate clones are not completely
understood. Here, we show that recently homed naive polyclonal CD4 T cells are temporarily
retained before leaving the lymph node. This stop-and-go traffic of CD4 T cells provides an
adequate time window for efficient scanning and timely priming of antigen-specific cognate
clones. CD301b*DCs, a major subset of migratory cDC2 cells, localize to the areas around

high endothelial venules, where they retain incoming polyclonal CD4 T cells through MHCII-
dependent, but antigen-independent mechanisms, while concurrently providing cognate stimuli for
priming. These results indicate that CD301b*DCs function as an immunological “display window”
for CD4 T cells to efficiently scan their antigen specificity.

One Sentence Summary:

CD301b™ migratory cDC2 cells temporarily retain polyclonal CD4 T cells during priming to scan
their antigen specificity

Introduction

Naive T cells undergo a multi-step activation process during the initiation of adaptive
immune responses, including homing to the draining lymph node (dLN), transient
interactions with conventional dendritic cells (cDCs), engagement with cDCs presenting
cognate peptides, and rapid proliferation and differentiation (1-3). Antigen-specific T cell
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clones are extremely rare, so scanning for the antigen-specificity of polyclonal T cells must
be highly efficient in order to combat invading pathogens in a timely manner. cDCs provide
the most critical signal for T cell priming by presenting antigen-derived peptides, and they
also provide structural support for maximizing T cell responses by inducing LN hypertrophy
and recruiting polyclonal T cells to the dLN (4-6).

Naive mouse skin is populated with three major migratory DC subsets, including

epidermal Langerhans cells, dermal CD103* DCs, and dermal CD301b* DCs, all of which
continuously migrate from the skin to the dLN and preferentially induce T helper (Th)

17, Thl and Th2 differentiation of antigen-specific CD4 T cells, respectively (7, 8). These
migratory DCs had long been thought to be critical for initiating T cell responses against
skin-borne antigens, but recent studies showed that dLN-resident DCs can initiate T cell
responses before the arrival of the migratory subsets by directly acquiring antigens from the
lymph, especially soluble antigens (9-11). It is well documented that different migratory DC
subsets induce different types of Th cells, but their subset-specific roles in the initiation of
CDA4 T cell priming are poorly understood.

CD301b* DCs are a subset of type 2 cDC (cDC2) cells and account for the majority

of migratory CD11b* cDCs in the dermis (12-14). Previous studies have shown that the
differentiation of Th2 effector cells was selectively impaired when CD301b* DCs were
absent or specifically depleted in Mgl2-DTR mice, which express the diphtheria toxin
receptor (DTR) under the regulation of the Mg/2 gene (encoding CD301b) (12, 14, 15).
However, it remains unclear whether the role of CD301b* DCs is limited to the induction
of Th2 fate, or if they also have a subset-specific role in CD4 T cell priming, such as
scanning the antigen specificity of polyclonal CD4 T cells and triggering cell cycle entry of
the cognate clones.

Here we demonstrate that CD301b*DCs are required for effective priming of CD4 T cells,
especially for rare antigen-specific clones. Newly homed naive polyclonal CD4 T cells

in the dLN are temporarily retained by CD301b*DCs in an MHCII-dependent but antigen-
independent mechanism, during which their antigen specificity is scanned for selective
activation of cognate clones. Rapid migration and localization to high endothelial venules
(HEVs) allow CD301b*DCs to interact with incoming naive CD4 T cells immediately
after their LN entry, which is impaired if the localization of CD301b*DCs is disrupted by
FTY720. These results indicate that migratory CD301b* DCs optimize the priming efficacy
of CD4 T cells by serving as an immunological display window.

Depletion of CD301b* DCs results in reduced accumulation of T and B Cells in the dLN

DCs are required for the immunization-induced LN hypertrophy, but subset-specific role
of DCs in this process is poorly understood (4-6, 16). We previously showed that the

size of the dLN early after immunization in CD301b*DC-depleted mice was smaller than
that in wild-type (WT) mice due largely to the impaired accumulation of CD4 T cells

(14, 17). To address if CD301b* DCs directly regulate the recruitment and/or retention of
lymphocytes, we transferred CFSE-labeled WT splenocytes retro-orbitally into diphtheria
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toxin (DT)-treated WT (CD301b* DC-intact) or Mgl2-DTR (CD301b* DC-depleted) mice
following subcutaneous immunization with ovalbumin (OVA) and papain in the right
footpad (Fig. 1A). Two h after transfer, no differences were observed between WT and
Mgl2-DTR recipients in the number of total donor splenocytes or their cellular composition
in both right (draining) and left (non-draining) popliteal LN (Fig. 1B), indicating that the
depletion of CD301b* DCs has no major impact on the lymphocyte entry into the LNs.
Between 2 and 72 h transfer, the number of the donor CD4 T and CD8 T cells in the dLN
increased two- to three-fold in the WT recipients, whereas the number of B cells increased
by 36-fold (Fig. 1B), suggesting that many T cells that had homed to the dL N left the dLN
relatively quickly, but most of the donor B cells remained in the dLN throughout this period.
In the Mgl2-DTR recipients, the numbers of CD4 T cells, CD8 T cells and B cells were
dramatically smaller than those in the WT recipients, with the most prominent reduction
observed for CD4 T cells (Fig. 1B). Likewise, the numbers of host T and B cells in the dLN
96 h after immunization (72 h post-transfer) were smaller in the Mgl2-DTR hosts than those
in the WT recipients (Fig. 1C). This was not due to differences in proliferation, as most

of the donor cells were not dividing regardless of the CD301b* DC depletion status (Fig.
S1A), which suggested that the reduction of donor cells was primarily due to changes in
their trafficking. DT treatment of Mgl2-DTR mice resulted in an additional loss of epidermal
Langerhans cells (which do not express CD301b) due to an unknown mechanism (14),

but the reduction of donor cell accumulation was specifically caused by the depletion of
CD301b™ DCs, as the donor cell numbers were not affected in CD207-DTR mice, in which
CD207* DC subsets, including Langerhans cells and dermal CD103* DCs, were depleted
(Fig. 1D) (18-21).

CD301b* DCs are required for the upregulation of CD69 in polyclonal CD4 T cells recruited

to the dLN

We previously showed that immunization of mice with a Th2-type adjuvant such as papain
or alum results in upregulation of CD69 in endogenous CD4 T cells in a CD301b* DC-
dependent manner (14). Consistent with this observation, CD69 was upregulated in both
donor and host CD4 T cells in the dLN of WT recipients immunized with OVA and papain,
but was dramatically attenuated in CD301b* DC-depleted recipients (Fig. 1E and 1F).
Notably, among the donor T and B cells, CD69 upregulation was specific to CD4 T cells
and was not affected by the depletion of CD207* DCs (Fig. 1E and 1G), suggesting that
CD301b*DCs were specifically required for the activation of CD4 T cells. CD69 can be
induced in T cells by antigen-independent mechanisms such as type I interferons (IFN) (22),
but here we observed that CD69 was upregulated in donor cells isolated from IFNa receptor
(IFNAR)-deficient mice (Fig. 1H), suggesting that the CD69 upregulation in the donor CD4
T cells in this model was driven by TCR stimuli or inflammatory cytokines other than type |
IFNs.

CD301b* DCs retain and activate naive polyclonal CD4 T cells in the dLN in an MHCII-
dependent manner

The above data suggest that CD301b* DCs facilitate the retention of CD4 T cells in the
dLN. Next, we transferred CFSE-labeled WT CD4 T cells into CD301b* DC-intact or
depleted mice 24 h after footpad immunization with OVA and papain and then blocked

Sci Immunol. Author manuscript; available in PMC 2022 June 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tatsumi et al.

Page 4

further LN entry with anti-CD62L blocking monoclonal antibody (mAb) 2 h after donor
cell transfer (Fig. 2A) (23). This experimental setup allowed us to measure the LN dwell
time for the donor CD4 T cells that had entered the LNs during the initial 2 h window.
Donor cell entry to the LNs was blocked nearly completely after mAb injection, whereas
the homing to the spleen, which does not require CD62L (24), remained intact (fig. S1B
and S1C). In WT recipients, the donor CD4 T cells stayed in the dLN for at least 8 h and
began to leave the dLN between 8 and 16 h after the CD62L blockade (Fig. 2B left panel,
p=0.45 between 0 and 8 h, p=0.0011 between 0 and 16 h). The number of recruited CD4 T
cell was dramatically lower, but the kinetics of the donor CD4 T cells in the contralateral
non-draining (nd) LN followed a similar pattern, with the majority of donor CD4 T cells
remaining in the LN for at least 8 h before leaving (Fig. 2B right panel, p=0.6183 between 0
and 8 h, p=0.0012 between 0 and 16 h). In contrast, the donor CD4 T cells in the CD301b*
DC-depleted hosts failed to stay in the dLN and continuously decreased over time, whereas
their retention in the ndLN was not impaired by depletion (Fig. 2B). The donor CD4 T

cells that stayed in the dLN of WT recipients continuously upregulated CD69 during this
time, which was markedly attenuated in CD301b* DC-depleted hosts (Fig. 2C and 2D).
Collectively, these results indicate that CD301b* DCs are required for transient retention and
activation of naive polyclonal CD4 T cells in the dLN.

Given the rarity of antigen-specific clones, it seemed unlikely that all CD69* donor CD4 T
cells (>10% of the donor CD4 T cells in the dLN) were OVA- or papain-specific, but the
IFNAR-independent upregulation of CD69 (Fig. 1H) nonetheless suggested the involvement
of TCR-dependent activation. Indeed, CD69 upregulation by the donor CD4 T cells in

the dLN was completely abrogated when transferred into MHCII-deficient hosts (Fig. 2E),
further supporting the idea that the interaction between the host MHCII and the TCR on the
polyclonal donor CD4 T cells is required for the CD69 upregulation.

Unlike CD8 T cells, the intranodal trafficking and LN dwell time of naive CD4 T cells

are partially governed by the antigen presenting machinery (25, 26). In addition, the MHCII-
dependent CD69 upregulation in CD4 T cells has been shown to correlate with their LN
dwell time in naive LNs (27). To directly examine whether MHCII on CD301b* DCs plays a
role in retaining polyclonal CD4 T cells, we generated mice expressing Cre recombinase in
CD301b* cells (Mgl2*/c mice, fig. S2A) and crossed them onto mice with the 1-Ab alleles
flanked by two loxP cassettes (H2ab10x/flox) \\e noted partial reduction of CD301b protein
expression in mice carrying the Mg/2" allele as evidenced by the reduced CD301b* DC
and compensatory increase in other cDC2 subsets in the Mg/2¢"¢/Cre mice (fig. S2B-S2D),
but we nevertheless observed subset-specific loss of MHCII expression in CD301b* DCs

in the resulting offspring (CD301b2MHCH mice) (fig. S2E and S2F). Similar to CD301b*
DC-depleted recipients, the donor polyclonal CD4 T cells in CD301b2MHCH mice were
retained in the dLN less efficiently than those in MHCII-intact hosts (Fig. 2F), and the
upregulation of CD69 in the donor CD4 T cells was also impaired (Fig. 2G and 2H),
indicating that MHCII expression in CD301b* DCs plays a role in transiently retaining and
activating polyclonal CD4 T cells in the dLN. A similar phenotype was observed when

total splenocytes were transferred into CD301b2MHCI mice without CD62L blockade (fig.
S2G). Notably, the reduction of CD69 upregulation in CD301bAMHCH recipients was not as
complete as in MHCII-deficient hosts (Fig. 2E), suggesting that the remaining MHCII* cells
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and/or the residual MHCII expression in CD301b*DCs (fig. S2F) may play a role in CD69
upregulation by CD4 T cells in those mice.

Our data suggest that CD301b*DCs provide TCR stimulation for CD4 T cells upon

their homing to the dLN. To further confirm that CD301b*DCs directly stimulate the

TCR of polyclonal CD4 T cells, we measured the expression levels of Nur77, a nuclear
receptor whose expression levels directly correlate with the TCR signal strength (28-30),

by transferring CD4 T cells isolated from the Nur77-GFP reporter mice (29). In WT
recipients, the GFP expression was higher in the dLN than in the ndLN. In contrast, the

GFP expression was similar between the dLN and ndLN in the CD301b2MHCII mice as well
as in MHCII-null recipients, indicating that CD301b*DCs are a major source of the TCR
stimulation (Fig. 21). Collectively, these results indicate that CD301b* DCs transiently retain
and activate polyclonal CD4 T cells in the dLN through MHCII-dependent interactions.

CD301b* DCs are necessary and sufficient for the naive CD4 T cell retention in the dLNs

CD301b*™ DCs account for a major fraction of skin-derived migratory DCs in the skin-dLNs
(13, 14), thus it is possible that the impaired CD4 T cell retention in the CD301b*™ DC-
depleted mice was due to the loss of a large number of DCs in general rather than to the
specific loss of CD301b* DCs. To delineate the subset-specific role of CD301b* DCs in
CD4 T cell retention, we generated a DC depletion mouse model in which CD301b*™ DCs
are protected from the depletion. We targeted a DTR cassette flanked by two loxP sequences
into the first intron of the /fgaxallele (coding CD11c, fig. S2H) with a splice acceptor

as previously described for an “inducible” CD11c-DTR mouse model (31). These mice
(denoted CD11c-dIDTR hereafter) express a “deletable” DTR cassette in CD11c* cells,
which can be removed from CD301b™ cells when the CD11c¢-dIDTR mice were crossed with
the Mgl2-Cre mice. DT treatment of the CD11c-dIDTR mice resulted in a reduction of the
total DC population (fig. S21) but left more CD301b* DCs intact than in the Mgl2-DTR
mice, likely due to relatively low expression levels of the dIDTR cassette in CD301b™ DC

in this model (fig. S2J). This trend was further exaggerated in the Mgl2-Cre;CD11c-dIDTR
mice, indicating successful removal of the dIDTR cassette from CD301b* cells in these
mice (fig. S2J). Although this “protection” of CD301b* DCs from the DT-induced depletion
in the Mgl2-Cre;CD11c-dIDTR mice did not result in increased relative abundance of
CD301b* DCs in the total DC population compared to that in the CD11c-dIDTR mice
(fig.S2K), we suspect that the number of CD301b™ DCs in these mice are underestimated
due to the reduction of CD301b protein expression in mice carrying the Mg/2"¢ allele (fig.
S2B). Consistently, the relative abundance of CD172a* ¢cDC2, a larger population of DCs
that contains the CD301b* DCs in WT mice, was greater in the Mgl2-Cre;CD11c-dIDTR
mice compared to the CD11c-dIDTR mice (fig S2L). Overall, the CD11c-dIDTR mice and
Mgl2-Cre;CD11c-dIDTR mice had different degrees of depletion of the total DC population,
but the relative abundance of CD301b* DCs within the total DC population in those mice
remained similar to undepleted control animals (Fig. S21 and S2K). Importantly, the defect
in CD4 T cell retention and CD69 upregulation was observed only in the Mgl2-DTR mice
but not in either CD11c-dIDTR or Mgl2-Cre;CD11c-dIDTR mice, indicating that CD301b*
DCs are both necessary and sufficient for the transient retention of CD4 T cells in the dLN
(Fig. 2J and 2K).
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CD301b* DC-dependent naive CD4 T cell retention in the dLN is irrespective of TCR

specificity

The above data indicates that the interaction between the TCR on CD4 T cells and MHCII

in CD301b*DCs is necessary, but it remains unclear if the cognate interaction involving

a specific foreign peptide is required for the CD301b* DC-dependent retention of CD4 T
cells in the dLN. To clarify the role of cognate and non-cognate interactions in CD301b*DC-
dependent CD4 T cell trafficking, we co-transferred OVA-specific RagZ”~ OT-11 TCR
transgenic CD4 T cells and WT naive polyclonal CD4 T cells into CD301b*™ DC-intact or
CD301b* DC-depleted mice that had been immunized with OVA and papain and assessed
their LN dwell time (Fig. 3A). To our surprise, the trafficking kinetics of the antigen-specific
CD4 T (OT-1) cells was similar to polyclonal counterparts in spite of the presence of
cognate antigen (Fig. 3B). In the WT recipients, the numbers of both OT-11 and WT CD4

T cells in the dLN remained similar for at least 8 h before starting to decrease. In contrast,

in the CD301b* DC-depleted recipients, the numbers of both donor cell types continued to
decrease, suggesting that CD301b*DCs are required for the CD4 T cell retention regardless
of the presence of cognate antigen.

The above results suggest antigen-independence of the CD301b* DC-dependent CD4 T cell
retention, but it is possible that antigen (papain)-specific clones among the donor polyclonal
CDA T cells were selectively retained in the dLN. To formally exclude this possibility, we
repeated the same experiment as in Fig. 3A, except that the recipients were immunized with
papain alone without OVA so that there was no cognate antigen for the RagZ™~ OT-11 cells.
Similar to the results described above, the numbers of both RagZ~~ OT-11 and polyclonal
CD4 T cells retained in the dLN were dramatically lower in the CD301b* DC-depleted hosts
(Fig. 3C). Taken together, these results indicate that CD301b™ DCs transiently retain naive
CDA4 T cells regardless of their TCR specificity.

CD301b* DC-dependent CD69 upregulation is antigen-dependent

Under inflammatory conditions, CD69 is induced in T cells in a manner dependent on T
cell-intrinsic IFNAR and inhibits their egress from the dLN by downregulating sphingosine
1-phosphate (S1P) receptor SIPR1 (22). Our previous studies indicate that CD301b*DC
depletion also results in a reduction in CD4 T cell accumulation in the dLN in mice
immunized with OVA and CpG without causing a reduction in CD69 expression (14).

To examine if CD301b™ DCs are required for the retention of polyclonal CD4 T cells
under non-Th2 immunization conditions, we immunized mice in the footpad with OVA
emulsified in complete Freund’s adjuvant (CFA) (fig. S3A). As in mice immunized with
papain, the donor CD4 T cells in CD301b* DC-depleted mice spent a shorter time in the
dLNs than those in WT mice (fig. S3B). Their CD69 expression levels were comparable,
which suggested that differences in CD69 expression alone did not account for the shorter
dwell time in CD301b* DC-depleted mice (fig. S3C). Similar results were obtained in
CD301bAMHCI! mice (fig.S3D and S3E).

CD69 is generally thought to promote transient retention of activated T cells in the
dLN (22), so we further examined the role of antigen recognition in papain-induced
CD69 upregulation by co-transferring RagZ~~ OT-11 and WT polyclonal CD4 T cells and
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comparing their CD69 expression levels in mice immunized with either OVA plus papain

or papain alone. In mice immunized with OVA plus papain, more than 50% of the OT-II
cells in the dLN had upregulated CD69 at the time of CD62L blockade (2 h after the OT-II
cell transfer) in WT hosts, whereas only about 25% had done so in CD301b*DC-depleted
hosts (Fig. 3D). Eight h after the CD62L blockade, the majority of OT-II cells in the dLN
expressed CD69 in both WT and CD301b™ DC-depleted recipients, but expression levels
were slightly but significantly reduced in the latter (p = 0.0031 between WT and CD301b*
DC-depleted mice) (Fig. 3D, see also Fig. 6H). Given that many OT-11 cells fail to stay in
the dLN of CD301b* DC-depleted recipients during this time, the data suggest that CD69
upregulation 8 h after the dLN entry was too late and/or not sufficient to prevent CD4 T
cells from leaving the dLN of those mice. As shown in Fig. 2, CD69 upregulation was

also observed in the donor polyclonal CD4 T cells in the dLN of WT recipients but was
impaired in the CD301b* DC-depleted recipients (Fig. 3D). Similarly, CD69 upregulation in
donor polyclonal CD4 T cells was CD301b*DC-dependent in mice immunized with papain
alone (Fig. 3E and 3F). Even though there was a clear, antigen-nonspecific upregulation of
CD69 induced by papain alone in the donor RagZ~~ OT-11 cells in the dLN compared to
those in the ndLN, it was not impaired by the depletion of CD301b* DCs (Fig. 3E and 3F).
Antigen-dependent and independent CD69 upregulation was also observed in Rag1*/~ OT-11
cells when Rag1™-OT-1l, Rag1*~ OT-11 and polyclonal CD4 T cells were co-transferred
(fig. S4).

IFNAR in CD4 T cells is not required for CD69 expression 3 days after adoptive transfer
(Fig. 1H), but its requirement for the retention and CD69 expression by CD4 T cells early
after their dLN entry remains unclear. To further clarify the role of IFNAR signaling in
CD4 T cell retention, we co-transferred WT and /fnar’~ polyclonal CD4 T cells into
CD301b* DC-intact and depleted recipients that had been immunized with OVA plus papain
and measured their dLN dwell time and CD69 expression after CD62L blockade. WT and
Ifnar’= CD4 T cells showed no difference in their dLN dwell time, with both showing
significantly shorter dwell time when CD301b™ DCs were depleted (Fig. 3G). Likewise,
CD69 upregulation was similar between WT and /f1ar'~ CD4 T cells and was similarly
impaired in the CD301b* DC-depleted hosts (Fig. 3H), again confirming the indispensable
role for CD301b™ DCs in CD69 upregulation but not for IFNAR signaling. There was

a small, transient reduction in CD69 expression in /fnar’~ CD4 T cells compared with
their WT counterparts in CD301b* DC-depleted recipients 8 h after the dLN entry (Fig.
3H). These data indicate that, while the IFNAR signaling is partially required for the
CD301b*DC-independent CD69 upregulation in CD4 T cells, it is not required for their
retention in the dLN.

Taken together, these results indicate that, upon immunization with papain, CD69 is
upregulated in CD4 T cells in both antigen-dependent and independent manner. While the
requirement of CD301b* DCs for the CD4 T cell retention in the dLN is independent of

the TCR specificity (Fig. 3C), CD301b* DCs are required only for the antigen-dependent
CD69 upregulation in CD4 T cells (Fig. 3D-3F). Although these experiments do not address
whether CD69 is required, the data suggest that its upregulation alone is not sufficient for
inducing the retention of CD4 T cells in CD301b* DC-depleted mice. Since RagZ~~and
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Rag1*/~ OT-II cells behaved similarly, we used RagZ*/~ OT-1I cells to examine the role of
CD301b* DCs in antigen-specific CD4 T cell responses in the following experiments.

CD301b* DCs directly present soluble foreign antigens to CD4 T cells in the dLN
immediately after their homing

The above data suggest that CD301b*DCs provide CD4 T cells with (1) MHCII-dependent
but antigen-independent signal to transiently stay in the dLN and (2) MHCII- and antigen-
dependent signal to upregulate CD69 expression. This latter signal likely represents the
direct antigen presentation to the cognate CD4 T cell clones. Previous studies show that
CD301b™ DCs are enriched at the T-B cell border area in the LN and segregated from
CD207* DCs (including epidermal Langerhans cells and dermal CD103* DCs), which
preferentially localize to the deeper T cell zone (13, 18, 32). In WT mice immunized with
OVA and papain, CD301b*™ DCs were also enriched at the T-B boundary areas and located
in closer proximity the HEVs than CD207* DCs (Fig. 4A-4C). The depletion of CD301b*
DCs did not affect the relative positioning of CD207* DCs to the HEVs, suggesting that
their distance to HEVs is determined by their intrinsic mechanism (Fig. 4C).

We previously showed that CD301b* DCs represent the majority of hapten-bearing skin-
derived migratory cells that appear in the dLN 24 h after epicutaneous painting with a
fluorescent hapten such as FITC or TRITC with a skin irritant di-/+butyl phthalate (DBP)
(13, 14). When WT mice were subcutaneously immunized with OVA and papain and
simultaneously painted with TRITC (without DBP) on the skin at the immunization site, >
60% of TRITC* MHCII* cells expressed CD301b in the dLN 24 h after immunization, and
~30-40% of the total CD301b* cells in the dLN was TRITC™ (fig. SSA-S5F). In addition,
the depletion of CD301b* cells resulted in a dramatic reduction of the total TRITC* cells
in the dLN (fig. S5A and S5D). TRITC is carried to the dLN by migratory DCs rather than
by passive diffusion (33), so these data indicate that CD301b* DCs are a major migratory
DC subset mobilized by papain. Likewise, when mice were immunized with fluorescently
labeled OVA and papain, CD301b* DCs had a higher percentage of OVA-loaded cells
compared with other DC subsets in the dLN (Fig. 4D, S5G and S5H), indicating that
CD301b™ DC efficiently take up and transport the OVA protein to the dLN. Although OVA*
B cells outnumbered any OVA* DC subset due to the abundance of the total B cells, the
amount of OVA per cell in B cells was minimal, suggesting that B cells are not the major
antigen-presenting cells (Fig. 4E and S5H). Notably, when the mice were immunized with
OVA and CFA, both CD301b*™ DCs and CD103* DCs took up the antigen at similar levels
(fig. S51 and S5J). However, in either case, the depletion of CD301b*™ DCs had a minimal
impact on the amount of OVA transported to the dLN by other antigen presenting cells (Fig.
4D and fig. S5I).

We next examined whether CD301b* DCs directly interact with the antigen-specific

CDA T cells in the dLN by attempting to detect cellular conjugates between CD4 T

cells and CD301b* DCs formed in the dLN by flow cytometry. We transferred Nur77-
GFP;CD45.1;0T-1I cells into WT (CD45.17) recipients immunized with OVA and papain
one day earlier and analyzed dLNs 3 and 24 h after the transfer without excluding doublets
(Fig. 4F). A small population of CD45.1* MHCII* doublets was detected, indicating stable
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interactions between the CD45.1* OT-I1 cells and the host MHCII* cells (Fig. 4G and S6A).
The majority of these doublets were formed /n vivoin the dLN and not ex vivoin cell
suspensions, as no fluorochrome exchange was observed when two sets of LN cells were
separately stained for CD45.1 and MHCII with different sets of fluorochromes and mixed
together /n vitro as previously described (fig. S6B) (34, 35). The CD45.1* MHCII* doublets
were reduced when the mice were immunized with papain alone, indicating the antigen
dependency of this interaction (fig. S6C-S6G). B220* CD11c™ B cells contributed to a
large portion of the doublets, and this interaction seemed to be antigen-independent because
similar interactions was detectable after immunization with papain alone, whereas CD301b*
DC-OT-II cell interactions were largely dependent on the presence of OVA (fig. S6D and
S6E). Three hours after the OT-I1 cell transfer, ~25% of the CD45.1"MHCII* doublets
contained CD301b* DCs (Fig. 4H). When compared with the DC subset composition in

the host-derived singlet MHCII* cells, CD301b* DCs were significantly more enriched in
the OT-I1 doublets over CD207* and double negative (CD301b~ CD207) DCs or B cells
(Fig. 41). The enrichment of CD301b* DCs in the CD45.1* MHCII* doublets was similar
between 3 and 24 h after the OT-11 cell transfer, but greater enrichment of CD301b™ CD207~
DCs was detected at the latter time-point, suggesting that the donor OT-I1 cells primarily
interact with CD301b* DCs early after their homing to the dLN, but later interact with other
DC subsets (Fig. 4H and 41). In contrast, in recipients immunized with OVA and CFA, all
DC subsets (CD301b*, CD207* and CD301b~ CD207~ DCs) showed similar enrichment in
either time-point, suggesting the additional involvement of CD301b™ DCs in early CD4 T
cell priming under type 1 immunization conditions (fig. S6H-S6J). The majority of OT-II
cells expressed the Nur77-GFP reporter and CD69 3 h after transfer upon conjugation

with any DC subset, whereas only about a half of the OT-11 cells conjugated with B cells
expressed these markers (Fig. 4J-4L and fig. S6K-S6M), indicating that DCs but not B cells
are the primary antigen presenting cells. These results suggest that CD301b* DCs directly
present soluble foreign antigens to cognate CD4 T cells immediately after their dLN entry.

The positioning of CD301b* DCs near HEVs facilitates their interaction with incoming
naive CD4 T cells

HEV-derived S1P has been shown to indirectly recruit skin-derived DCs to areas near HEVs
by inducing production of CCR7 ligands by high endothelial cells themselves, and the
blockade of S1P signaling with an S1P receptor functional antagonist FTY720 sequesters
DCs from those areas (36). To examine if this mechanism accounts for the localization

of CD301b* DCs near the HEVs, we treated WT mice with FTY720 and concurrently
immunized with OVA and papain. FTY720 treatment did not alter the frequencies or total
numbers of migratory DC subsets in the dLN (Fig. 5A) but was associated with CD301b*
DCs moving away from HEVs without affecting the positioning of CD207* DCs relative to
the HEVs or to CD301b* DCs (Fig. 5B-D). To further elucidate the functional importance
of the positioning of CD301b™ DCs, we transferred OT-11 or WT CD4 T cells into WT
recipients that had been treated with FTY720 or vehicle and immunized with OVA and
papain one day prior, and then blocked LN entry using CD62L mAb 1.5 h after transfer
(Fig. 5E). At the time of the LN entry block, the number of OT-I1 cells in the dLN was
comparable between the vehicle- and FTY720-treated groups (Fig. 5F), indicating that
FTY720 has little or no impact on the CD4 T cell entry to the dLNs. Notably, CD69
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expression in the donor OT-11 cells was significantly reduced in the FTY720-treated mice

at this time-point (Fig. 5G). Unlike CD301b™ DC-depleted mice, the FTY720-treated mice
showed no reduction in the dLN dwell time of donor OT-II cells due to the inhibitory effect
of FTY720 on lymphocyte egress (Fig. 5F), but nonetheless showed impaired DC-T cell
conjugate formation early after the entry of OT-11 cells in to the dLN (Fig. 5H), although the
conjugates in FTY720-treated mice were too rare to analyze their DC subset composition.
The reduction of CD69 expression was not likely due to direct inhibition of T cell activation
by FTY720, as the CD69 expression in the donor OT-II cells became nearly comparable
between the two groups by 8 h after their LN entry (Fig. 5G) whereas FTY720 still remained
effective as indicated by the lack of donor cell egress (Fig. 5F). Similar results were
obtained when WT polyclonal CD4 T cells were adoptively transferred into FTY720-treated
recipients (Fig. 51 and 5J). These results largely recapitulate the delay in CD69 upregulation
in the donor CD4 T cells in CD301b* DC-depleted mice (Fig. 3D and 3E) and thus indicate
that the strategic positioning of CD301b™ DCs near the HEVs ensures their early access to
incoming naive CD4 T cells.

CD301b*DCs are required for timely priming of antigen-specific CD4 T cells

To examine the role of CD301b* DCs in antigen-specific CD4 T cell priming and the
subsequent expansion, we monitored the activation kinetics of CFSE-labeled OT-1I cells in
WT or CD301b* DC-depleted recipients. The priming was semi-synchronized by blocking
CD62L two h after transferring OT-11 cells into mice immunized with OVA and papain

one day prior (Fig. 6A). In both CD301b* DC-intact and depleted mice, most OT-I1 cells
remained undivided for up to 16 h post-CD62L blockade (Fig. 6B). More than a half of the
OT-11 cells underwent the first cell division between 16 and 32 h post-CD62L blockade in
WT mice (Fig. 6B and 6C). In CD301b* DC-depleted mice, however, only about 20% of the
OT-II cells had divided during this period, suggesting a delay in their initial cell cycle entry
(Fig. 6B and 6C). This was also reflected in the significantly fewer cell division cycles at
56 h post CD62L blockade (Fig. 6B and 6C). As was observed in mice co-transferred with
OT-1l and WT CD4 T cells (Fig. 3), the number of OT-I1 cells remained in the dLN 8 h
after CD62L blockade was dramatically lower in the CD301b*DC-depleted mice than in WT
mice, but the difference between the two groups disappeared as the majority of the OT-11
cells left the dLN by 16 h after homing blockade (Fig. 6D inset). However, only a minimal
expansion of OT-I1 cells in CD301b*DC-depleted mice was detected by 56 h, likely due

to the delayed cell division, whereas the number of OT-I1 cells was dramatically increased
in WT mice between 32 and 56 h post-CD62L blockade (Fig. 6D). This also resulted in a
striking reduction in the percentage of OT-1I cells within the total CD4 T cell population

in CD301b*DC-depleted mice (Fig. 6E), which was partially accounted for by increased
cell death in OT-11 cells (Fig. 6F). These results collectively indicate that CD301b*DCs are
required for the timely priming and maximal expansion of antigen-specific CD4 T cells
during the early priming phase.

We analyzed the expression of early activation markers in OT-11 cells during the early
priming phase, and 8 h after CD62L blockade, > 90% of the OT-I1I cells in WT recipients
had already upregulated CD69, and a part of the CD69* OT-11 cells at this time-point
co-expressed Nur77 (Fig. 6G-61). The expression of CD69 and Nur77 gradually decreased
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over time and returned to basal levels by 56 h post-CD62L blockade. As in Fig. 3D, CD69
expression in the donor OT-11 cells in CD301b*DC-depleted mice was reduced at earlier
time-points but later recovered, suggesting a delay but not total loss of TCR stimulation
(Fig. 6G and 6H). In contrast, the Nur77 expression in the donor OT-11 cells remained lower
in the CD301b* DC-depleted recipients than in WT recipients throughout the time-points
analyzed, suggesting attenuation in TCR signal strength (Fig. 61). Similarly, priming of
OT-11 cells in the CD301bAMHCH mice also resulted in a delay in cell cycle entry and CD69
upregulation as well as in impaired Nur77 expression (fig. S7). The use of Nur77-GFP;OT-II
cells did not further clarify these differences due to its high sensitivity and relatively binary
reporter activity in monoclonal TCR transgenic T cells (37), as most of the OT-11 cells
expressed GFP at the brightest levels regardless of the CD301b* DC depletion, which
further supports our interpretation that TCR stimulation is still present in the CD301b* DC-
depleted recipients (Fig. 6J). Taken together, these results indicate that CD301b*DCs are
required for the timely and maximal stimulation of antigen-specific CD4 T cell clones, but
other antigen presenting cells can eventually provide TCR stimulation even if CD301b*DCs
are depleted.

Early interaction with CD301b*DCs is critical for the maximal expansion and the fate
decision by antigen-specific CD4 T cells

The data thus far indicated a crucial role for CD301b* DCs in the initial activation and cell
cycle entry of antigen-specific CD4 T cells, so we hypothesized that there is a critical time
window in which CD301b* DCs are required. To test this possibility, we depleted CD301b*
DCs at two different time points (before or after the initial cell division) and examined

their impact on the OT-I1 cell division (Fig. 7A). Similar to the above experiments in which
CD301b*DCs were depleted one day before the immunization (Fig. 6A), the depletion

of CD301b* DCs one day after the immunization resulted in fewer cell divisions when
analyzed 56 h after their dLN entry (Fig. 7B). In contrast, there was no impact on OT-II

cell division when CD301b* DCs were depleted two days after immunization (Fig. 7B),
indicating that CD301b* DCs are required for the timely cell cycle entry of antigen-specific
CDA4 T cells rather than their continued proliferation.

To examine whether the requirement of CD301b* DCs for the optimal expansion of antigen-
specific CD4 T cells is specific to Th2 conditions, we immunized the mice with OVA

and CFA. Similar to mice immunized with OVA and papain, OT-II cells in the CD301b*
DC-depleted mice showed a small but significant reduction in the number of cell divisions
(p = 0.021 between WT and CD301b* DC-depleted mice) (Fig. 7C and 7D), which also

led to a reduction in the number of OT-I1 cells in the dLN (Fig. 7E). These results indicate
that CD301b* DCs are required for the optimal priming and maximal expansion of antigen-
specific CD4 T cells under both Th2 and non-Th2 immunization conditions.

We previously reported that depletion of CD301b* DCs abolishes Th2 cell differentiation
of antigen-specific CD4 T cells, whereas their differentiation into Thl cells remains largely
unaffected (14). The requirement of CD301b* DCs for Th2 differentiation is specific to
this DC subset, as the depletion of CD207* DCs (including epidermal Langerhans cells
and dermal CD103* DCs) did not affect Th2 differentiation (fig. S8). Since the critical
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time-window for the interaction between CD301b* DCs and antigen-specific CD4 T cells

is narrow (Fig. 7B), it is possible that the lagged priming of recirculating OT-I1 cells

had masked the impact of CD301b™ DC depletion on Th1 differentiation in our previous
experiments, as those experiments did not employ the semi-synchronized priming model.

To examine the direct impact of the CD301b* DC depletion on the fate decision by antigen-
specific CD4 T cell clones primed in a semi-synchronized setting, we transferred OT-11 cells
and immunized mice as in Fig. 6A and restimulated the dLN cells ex vivo 80 h after CD62L
blockade. The reduction in IL-4* Th2 cells did not reach statistical significance at this time
point, but their differentiation into IFNy* Th1 cells was significantly enhanced in CD301b*
DC-depleted mice (Fig. 7F). In addition, the expression of IL-4 receptor a in OT-II cells was
reduced in CD301b* DC-depleted mice 56 h after CD62L blockade, suggesting that the OT-
I1 cells had already been skewed against Th2 differentiation in the CD301b* DC-depleted
mice by that time (Fig. 7G). Consistent with this observation, IL-4 reporter expression was
reduced in CD301b* DC-depleted hosts at this time point when OT-11 mice of //4-GFP
(4get) background were used as the donor (Fig. 7H). In addition, mice immunized with OVA
and CFA showed enhanced expression of IFNy and IL-17A in OT-11 cells with depletion

of CD301b* DCs (Fig. 71). These results suggest that early interactions with CD301b* DCs
during the priming of antigen-specific CD4 T cells generally promotes Th2 differentiation
while suppressing their differentiation into Thl and Th17 cells.

CD301b* DCs are required for optimal priming and expansion of rare antigen-specific CD4

T cell clones

Under physiological conditions, DCs scan millions of naive CD4 T cells to find antigen-
specific clones. Based on the above data, we hypothesized that the primary role of CD301b*
DCs is to scan incoming polyclonal CD4 T cells upon dLN entry and find rare antigen-
specific clones. To test this hypothesis, we transferred titrated numbers of OVA-specific
OT-I1 cells (1, 10, 100, 1000, or 10,000 cells) into CD301b* DC-intact or depleted mice that
were immunized with OVA and papain for 24 h without CD62L blockade and enumerated
OT-II cells in the dLN 4 days after transfer (Fig. 8A). The numbers of recovered OT-11 cells
were constantly smaller in CD301b* DC-depleted mice than in CD301b* DC-intact mice,
which was more exaggerated when the input OT-11 cell numbers were lower (100 or 1000
input cells compared with 10,000 input cells, Fig. 8B and 8C). Similarly, the numbers of
recovered OT-I1 cells were constantly smaller in CD301b2AMHCH mice compared with the
MHCII-intact recipients when a lower number of OT-II cells were transferred (Fig. 8D),
indicating that CD301b* DCs maximize the priming efficiency of rare antigen-specific CD4
T cell clones through MHCII-dependent interactions. The potential discrepancy between the
results described in Fig. 6D (that the CD301b* DC depletion results in impaired expansion
of OT-11 cells) and the results from the mice with higher input OT-11 cell numbers (showing
no significant reduction in the output OT-11 cell numbers when 10,000 OT-11 cells were
transferred) is likely due to the lack of CD62L blockade in the latter, as lagged priming of
the recirculating OT-11 cells may mask their impaired priming efficacy especially when the
number of recirculating OT-I1 cells is high.

To further confirm the role of CD301b* DCs in maximizing the priming efficacy of rare
antigen-specific CD4 T cells, we transferred a high number (1x10°) of OT-II cells into
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WT or Mgl2-DTR recipients, immunized with OVA and papain in the right footpad,

and re-challenged them in the left footpad 16 days later, when the primary response

was fully contracted (Fig. 8E and fig. S9A-S9C). The secondary challenge induced a
massive re-expansion of the OT-II cells in the left dLN of WT mice. In contrast, the
re-expansion was minimal when CD301b* DCs were depleted immediately before the
secondary immunization (Fig. 8F and 8G). Unlike the above experiments in which OT-11
cells were transferred 1 day after immunization, these experiments show the requirement of
CD301b* DCs for the priming of pre-existing OT-11 cells, eliminating the possibility that the
abovementioned role of CD301b* DCs is dependent on the timing of OT-11 cell transfer.

Lastly, to address if CD301b* DCs are also required for the priming and expansion

of endogenous antigen-specific CD4 T cells, we examined the expression of TCRVa2,

the dominant Va chain expressed by endogenous CD4 T cells that recognize an
immunodominant OVA peptide presented by I-AP MHCII molecule (38). The depletion

of CD301b™ DCs before the primary immunization or the secondary challenge resulted in a
reduction in the number of TCRVa2* effector CD4 T cells in the dLN of each respective site
(fig. S9D-S9F).

Collectively, these results indicate that CD301b* DCs are required for optimal priming and
expansion of rare antigen-specific CD4 T cell clones.

Discussion

The kinetics of antigen-specific CD4 T cell priming is a critical determinant of
immunological outcomes and is heavily affected by the frequency of antigen-specific naive
CD4 T cells and the timing of priming (23, 39-41). While the molecular mechanism of
CDA4 T cell trafficking and activation has been extensively studied, the cellular mechanism
that maintains the number of CD4 T cells in the reactive dLN for effective priming is less
well understood. Here we show that CD301b* DCs (1) transiently retain naive polyclonal
CDA4 T cells through the MHCII-dependent interaction regardless of the TCR specificity,
(2) directly present antigens to CD4 T cells upon their dLN entry to induce early activation
of antigen-specific CD4 T cells, (3) promote Th2 differentiation while suppressing the Thl
and Th17 commitment, and (4) are required for the robust and timely expansion of rare
antigen-specific CD4 T cell clones during the primary and recall responses.

DCs and CD4 T cells cooperatively accelerate the cellular influx to the dLN (5, 6,

16). Although it is generally assumed that immunization-induced dLN hypertrophy is
associated with both increased cellular influx and decreased egress (22, 42—45), earlier
studies demonstrated that the egress shutdown, if any, is transient and is followed by a
larger-than-usual efflux from the dLN, making the number of lymphocytes passing through
the LN per time unit much larger for the dLN than for the ndLN (46, 47). Nonetheless,
despite the huge difference in total cellularity, our data show no major changes in the LN
dwell time of naive CD4 T cells between the dLN and ndLN in WT hosts, suggesting the
wide capacity range of LNSs to scan incoming CD4 T cells at a relatively constant rate. In
fact, the egress of polyclonal CD4 T cells in WT mice was non-linear, with no apparent
egress within the first 8 h after their LN entry. Importantly, the CD301b* DC-depleted mice

Sci Immunol. Author manuscript; available in PMC 2022 June 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tatsumi et al.

Page 14

lost the ability to hold CD4 T cells during this 8 h window in the dLN but not in the ndLN,
suggesting that CD301b™ DCs are mobilized to meet the increased demand for scanning
polyclonal CD4 T cells and serve as an immunological “display window” that temporarily
retains the incoming CD4 T cells in the dLN. To our surprise, the dLN transit time was
similar between polyclonal CD4 T cells and antigen-specific OT-I1 cells and was similarly
reduced in CD301b*DC-deleted mice as well as in CD301bA2MHCH mijce, indicating that the
transient retention is dependent on MHCII but not on the antigen, and it is conceptually
distinct from the well-characterized retention of T cells through cognate interaction (1-3).
In accordance with our data, mathematical models predict that the intensive scanning of T
cells by DCs (thus longer LN dwell time) maximizes the priming efficacy when the antigen
density and the frequency of antigen-specific clones are low (48). Our data indicate that
CD301b*DCs are required for the antigen-dependent upregulation of CD69 in CD4 T cells,
but also show that the CD69 upregulation alone was not sufficient for preventing them
from leaving the dLN if CD301b* DCs are absent. Previous studies show that continuous
interaction of naive CD4 T cells with DCs presenting the self peptide-MHCII complexes in
naive LNs slows down the LN transit of CD4 T cells, induces partial expression of CD69
and helps naive CD4 T cells to maintain their sensitivity to cognate peptides (25-27, 49,
50). While such “sensitivity maintenance” of CD4 T cells through the self peptide-MHCII
interaction may also be provided by CD301b* DCs, further study is needed regarding the
signaling events triggered upon antigen-independent engagement with CD301b* DCs.

cDC2 subsets, including CD301b*DCs, prime CD4 T cells more efficiently than the cDC1
cells and are often required for the differentiation of antigen-specific CD4 T cells into

Th2 and/or Th17 effector cells (9, 12, 14, 51-59). However, in contrast to the general
requirement of cDCL1 cells for CD8 T cell priming (60, 61), there is no single cDC2

subset that is known to be absolutely required for CD4 T cell priming. Our data show

that CD301b*DCs play a unique role in efficient scanning of antigen specificity, timely
priming and expansion, and Th2 differentiation of antigen-specific CD4 T cells. Notably,
while CD301b*DCs were also required for the maximal CD4 T cell retention and expansion
under the type 1 immunization condition with CFA, they concurrently suppressed Thl and
Th17 differentiation. These reciprocal roles may operate as a safety threshold to avoid

overt activation of Th1- and/or Th17-driven inflammation and suggest potential cooperation
between CD301b*DCs and CD301b~DCs in Th1/Th17 priming as previously proposed for
migratory and LN-resident DCs (62, 63).

Upon immunization in the skin, CD301b* dermal DCs migrate to the dLLN earlier than other
migratory DC subsets (13, 14, 18, 64, 65). This quick mobilization is facilitated by the
direct sensing of the irritants by skin-innervating neurons (66—68), but its immunological
advantage has not been fully addressed. Our data suggest that their rapid migration and
localization to the HEVs ensures timely priming of CD4 T cells. CD4 T cells are primed
by antigen-bearing migratory DCs at the outer edge of the T cell zone where the HEVs
are enriched (69-71), or, alternatively, in the areas adjacent to the lymphatic sinuses by
LN-resident cDC2 cells that sample antigens directly from the sinus (9, 10). While not
mutually exclusive, the latter mode does not require DC migration and can induce a quick
response, particularly when the antigen rapidly disperses through the lymphatics into the
dLN that is preseeded by a sufficient number of antigen-specific CD4 T cells. In contrast,
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the former migratory DC-dependent mechanism may be more important for antigens that
are strictly restricted to the peripheral organs (9-11, 72). However, the full CD4 T cell
response often requires migratory DCs even when the CD4 T cell priming by LN-resident
DCs precedes the arrival of migratory DCs in the LN (10, 11). Importantly, our data suggest
that, even under certain conditions in which LN-resident DCs play a predominant role in
antigen-specific CD4 T cell priming (9, 10), CD301b* DCs are still required for maximizing
the polyclonal CD4 T cell pool for effective priming. Consistent with our observation, a
recent study shows that the EBI2-dependent localization of naive CD4 T cells to the outer

T cell zone facilitates the priming of antigen-specific CD4 T clones especially when the
antigen dispersal and cognate clones are limited (70).

Collectively, our results demonstrate that CD301b* DCs dictate the dynamics of the CD4 T
cell response against soluble antigens in the LN. One of the main limitations of our study
is the lack of quantitative assessment of their role with regards to the dose and clearance
kinetics of the antigen. Continuous presence of antigen under certain conditions such as
infection may facilitate CD4 T cell priming by widening the time window for repertoire
scanning, rather than by increasing the scanning efficacy as proposed in our model. Further
studies are needed to decipher their role in responses against particulate, cell-associated, or
replicating antigens as well as the molecular mechanism of their subset-specific interaction
with CD4 T cells.

Materials and Methods

Study design (please summarize study here)

Mice

The aim of this study was to understand the role of CD301b* ¢cDC2 cells in CD4 T cell
priming in the skin-dLN. To that end, we used multiple mouse models in which specific
cDC subset(s) can be selectively depleted or genetically manipulated, and examined antigen-
specific and polyclonal CD4 T cell responses to a model antigen OVA and model adjuvants
papain and CFA by flow cytometry and immunohistochemistry. CD4 T cell priming were
semi-synchronized by blocking CD62L in some adoptive cell transfer experiments in order
to measure the LN transit time of CD4 T cells that homed to the dLN within a specific
time-window.

Mgl2-DTR and Mg/2“" mice were a gift from Akiko Iwasaki (Yale University). Generation
of Mgl2" and CD11c-dIDTR mice is described in Supplementary Methods. C57BL/6 (B6)
and congenic CD45.1 (B6.SJL-PtprcaPep3b/BoyJ) mice on B6 background were purchased
from Charles River Laboratory and propagated in our colony. MHCHT/fl (B6.129X1-H2-
Ab1tmKoni/gy “MHCII™/~ (B6.129S2-H2dIAb1-E3/3) OT-11 (B6.Cg-Tg(TcraTerb)425Chn/d),
CD207-DTR (B6.12952-Cd207tM3(DTR/GFP)Maly3) ' pag7~~ (B6.129S7-Ragltm1Mom/J)
and Nur77-GFP reporter (C57BL/6-Tg(Nrdal-EGFP/cre)820Khog/J) mice were purchased
from the Jackson Laboratory (Bar Harbor, ME) and maintained in house. /FNAR™~

mice and the OT-Il mice on the IL-4-GFP background (4get;OT-11) were gift from

Karen Edelblum and Jason Weinstein, respectively (Rutgers New Jersey Medical School).
Mgl2-DTR mice (B6.Mg/2*/PTR-EGFP) were previously described and maintained in our
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colony (14). OT-11 mice were crossed with CD45.1 mice to generate CD45.1;0T-II

mice. The CD45.1;0T-11 mice were maintained on the RagZ~~ background and used for
some experiments. Nur77-GFP mice were crossed with CD45.1 or CD45.1;0T-1I mice to
generate CD45.1;Nur77-GFP or CD45.1;Nur77-GFP;OT-Il mice, respectively. The 4get;OT-
I1 mice were crossed with CD45.1 mice to generate CD45.1;4get;OT-11 mice. All animal
experiments in this study have been approved by the Institutional Animal Care and Use
Committee at Rutgers New Jersey Medical School.

DT treatment and immunization

For DC depletion, mice were injected with 500 ng DT (List Biological Laboratories)
intraperitoneally at indicated time-points. All immunization procedures were performed in
the rear footpad with 20 pL injection volume per footpad as described previously (14).

Mice were immunized as indicated in each Fig. with 5 ug low-endotoxin OVA (Worthington
Biochemical Corporation) together with 50 pg papain (P4762, Sigma) or 10 uL CFA (F5881,
Sigma). For /n vivo antigen-uptake experiments, OVA was labeled with Alexa Fluor 488
Protein Labeling Kit (A10235, Thermo Fisher) and injected (5 ug) in the rear foot pad
together with 50 pg papain or with 10 pL CFA. The ipsilateral (dLN) and contralateral
(ndLN) popliteal LNs were harvested at indicated time-points.

Cell trafficking and priming analysis

For all cell transfer experiments, the donor cells were isolated from naive mice and the
indicated number of cells were transferred retro-orbitally in 0.5 mL suspension in PBS under
light anesthesia with isoflurane.

For splenocyte accumulation assay, donor splenocytes were isolated from naive B6 or
Ifnar”~ mice by digesting the spleen with 2.5 mg/mL collagenase D (11088882001, Sigma)
at 37°C for 30 min and labeled with 1.0 uM CFSE (eBioscience 65-0580-84, Thermo
Fisher) according to the manufacturer’s protocol. Ten million cells were transferred into
recipient mice that had been treated with DT and immunized as indicated. The left (ndLN)
and right (dLN) popliteal LNs were harvested 2 or 72 h after the transfer.

For analyzing the CD4 T cell priming kinetics, CD4 T cells were negatively isolated from
the digested spleen and LNs of indicated donor mice with Mouse CD4 T Cell Isolation Kit
(STEMCELL Technologies 19852 or BioLegend 480033) according to the manufacturer’s
protocol and labeled with 1.0 uM CFSE (Thermo Fisher) or CellTrace Violet (C34571,
Thermo Fisher). The purity was typically 90-95%. Two million cells were transferred into
recipient mice that had been immunized 24 h prior and treated with DT as indicated. In some
experiments, multiple types of donor cells (1 x 108 cells each) were co-transferred into one
mouse. Two h after the transfer, further LN entry of T cells was blocked by retro-orbitally
injecting 200 pg anti-CD62L mAb (clone Mel-14, BE0021, BioXCell). The left (ndLN) and
right (dLN) popliteal LNs were harvested at indicated time-points.

For analyzing the OT-II cell priming in CD207* DC-depleted mice, CFSE-labeled OT-II
cells (1 x 10°) were adoptively transferred into DT-treated WT or CD207-DTR mice,
followed by immunization with OVA and papain in the footpad. The dLNs were harvested
on day 7 post-immunization. For analyzing the OT-11 cell priming in CD301b2MHCI mice,
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CFSE-labeled OT-11 cells (2 x 108) were adoptively transferred into CD301bAMHCII or
control Mgl2*/Cé: H2ab1*/* mice that had been immunized with OVA and papain for 24 h.
The dLNs were harvested for analysis 34 h after the transfer.

For analyzing the priming efficiency of CD4 T cells, titrated numbers of OT-11 cells (1, 10,
100, 1,000, or 10,000) were mixed with naive polyclonal CD4 T cells so that the total donor
cell number is 10,000 and transferred into the indicated recipients that had been immunized
1 day prior. Alternatively, the mice were immunized without OT-11 cell transfer for detecting
endogenous TCR Va2t CD4 T cells. The dLNs were harvested 4 days after the transfer.
Some mice were treated with DT on days -1 and +2.

For the analysis of CD4 T cell re-expansion in response to secondary immunization, WT

or Mgl2-DTR mice were transferred with OT-11 cells (1 x 10%) and immunized with OVA
and papain in the right footpad on day 0. Alternatively, the mice were immunized without
OT-I1 cell transfer for detecting endogenous TCR Va2* CD4 T cells. The mice were then
treated with DT on day 16, followed by a secondary challenge with OVA and papain in the
left footpad on day 17. The right and left popliteal LNs were harvested 3 days after the
secondary challenge. Contraction of the primary response was verified before the secondary
immunization by counting the number of circulating OT-11 cells in a separate group of WT
mice that had been immunized side-by-side with the experimental group.

TRITC painting experiments

A 10% stock solution of Tetramethylrhodamine-5- (and-6)-isothiocyanate (TRITC, Thermo
Scientific 46112) was prepared in DMSO and diluted 10 times in acetone immediately
before use. DT-treated WT B6 or Mgl2-DTR mice were subcutaneously immunized with
papain in the flank skin and simultaneously painted with 20 uL of 1% TRITC on the
shaved flank skin directly above the immunization site. The dLNs were harvested 24 h after
immunization.

T cell priming in FTY720-treated mice

For analyzing the impact of changes in DC localization on CD4 T cell activation, either
OT-11 or WT polyclonal CD4 T cells (2 x 106) were transferred into recipient WT mice

that had been immunized with OVA and papain in the footpad and treated intraperitoneally
with 2.5 mg/kg FYT720 (S1PR antagonist, Cayman Chemical NC9015405) or vehicle alone
(0.5% ethanol in PBS) 24 h prior. One and a half h after the transfer, further LN entry of T
cells was blocked by injecting 200 pg anti-CD62L mAb. The right (dLN) popliteal LNs were
harvested 1.5, 9.5 and 17.5 h after the transfer (0, 8 and 16 h after the CD62L blockade).

Cell preparations and flow cytometry

For staining cell surface antigens, LNs were minced and digested with 2.5 mg/ml
collagenase D in complete DMEM with 10% FBS at 37°C for 30 min. In the case of

spleen, erythrocytes were lysed by briefly suspending cells in ACK lysis buffer. Cells were
resuspended in 2 mM EDTA in PBS and stained with cell viability dye (Zombie Aqua

or Zombie UV, BioLegend). Cells were then incubated with 10 pg/mL anti-CD16/CD32
(2.4G2, BioLegend) on ice for 10 min to block non-specific antibody binding to Fc receptors
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and stained with fluorochrome-conjugated monoclonal antibodies (mAbs) on ice for 20 min.
All staining mAbs were prepared in FACS buffer (1% BSA, 2mM EDTA, 0.05% sodium
azide in PBS). For detecting T cell-DC conjugates, the minced LNs were gently mushed
with a plunger without collagenase digestion and resuspended in PBS without EDTA.

For intracellular cytokine staining, cells were stimulated in a 96-well round-bottom plate
with Cell stimulation cocktail containing PMA and ionomycin (eBioscience 00-4970-03,
Thermo Fisher) at 37°C for 1 hour, then incubated another 5 hr at 37 C with additional
Protein Transport Inhibitor Cocktail (eBioscience 00-4980-03, Thermo Fisher). Cells were
then fixed and permeabilized with BD Cytofix/Cytoperm Kit (BD Biosciences) and
incubated with anti-cytokine mAbs for 30 min on ice. For staining Nur77 by mAb,

cells were fixed and permeabilized with Foxp3 Fixation/Permeabilization Concentrate and
Diluent (eBioscience 00-5521-00, Thermo Fisher).

Antibodies and gating strategies used for flowcytometry analyses are shown in
Supplementary Table 1 and fig. S10 unless shown in Figures. Flow cytometry was
performed on BD LSRII (BD Biosciences) or Attune NXT (Thermo Fisher) and analyzed by
FlowJo software (Version 9.3.2 and 10.5.0, BD).

Immunohistochemistry

Axillary and brachial lymph nodes were harvested from WT or DT-treated Mgl2-DTR

mice one day after immunization with OVA and papain in the front footpad and frozen

in OCT compound (Sakura Finetek). Cryosections 5-7 um in thickness were cut and

fixed in ice-cold acetone, and non-specific binding was blocked by pre-incubating the
sections with 2 % normal goat serum in PBS. For staining DC subsets and HEV, fixed
sections were first incubated with 5 pg/ml anti-CD301b (clone URAL, Invitrogen), anti-
CD207 (clone eBioRMUL.2, Invitrogen), or biotin-conjugated anti-CD11c (clone N418,
BioLegend) mAbs. HRP-conjugated goat anti-rat 1gG y chain-specific antibody (Jackson
ImmunoResearch) was used to detect the anti-CD301b and anti-CD207 mAbs and HRP-
conjugated streptavidin (SA-HRP, Biotium) was used to detect the biotinylated anti-CD11c
mAb. The HRP-conjugated secondary antibody and streptavidin were detected by Alexa
Fluor 488 Tyramide (Biotium). The sections were then incubated with 2.5 pg/ml anti-PNAd
(clone MECAT9, Biolegend), followed by HRP-conjugated anti-rat IgM L chain-specific
antibody (Jackson ImmunoResearch) and Alexa Fluor 647 Tyramide (Biotium). For double
staining CD301b* DCs and B cells, the sections stained for CD301b were incubated with 2.5
pg/ml biotinylated CD45R/B220 (clone RA3-6B2, BioLegend), followed by detection with
SA-HRP and Alexa Fluor 647 Tyramide. The nuclei were stained with DAPI (BioLegend).
For analyzing DC localization in mice treated with FTY720, axillary and brachial lymph
nodes were harvested from WT mice that had been immunized with OVA and papain

in the front footpad and intraperitoneally treated with 2.5 mg/kg FYT720 one day prior.

DC subsets, HEV, B cells, and nuclei were stained as described above. The sections

were mounted in Fluoromount G (Diagnostic BioSystems) and analyzed with a BZ-X710
fluorescence microscope (KEYENCE). For measuring the distance from DCs to the nearest
HEYV, the distance between the centroid of each DC and the outline of the nearest HEV

was measured after segmentation of DCs and HEVs using ImageJ (version 2.1.0/1.53c) with
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a plugin DiAna (73). All positions of DCs analyzed were confirmed to be outside of the
segmented HEVS.

Statistical Analysis

P-values were calculated by two-tailed Student’s t test by Prism software (version 7,
GraphPad). Differences were defined as statistically significant when P-values were <0.05.
Data are presented as mean £ SEM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. CD301b* DCsarerequired for lymphocyte accumulation and CD69 upregulation in
polyclonal CD4 T cellsin papain-immunized dL N.

(A) Experimental design. CFSE-labeled splenocytes (1 x 107) isolated from naive WT

mice were retro-ortbitally transferred into DT-treated WT or Mgl2-DTR mice that had been
immunized with OVA and papain in the right hind footpad 24 h earlier. Right draining (R)
and left non-draining (L) popliteal LNs were harvested 2 or 72 h after the transfer. (B and
C) Number of donor (B)- and host (C)-derived cells recovered from the LNs. (D) As in (A),
but the cells were transferred into CD207-DTR mice, which were depleted of Langerhans
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cells and CD103* DCs. (E-H) Frequency of CD69™ cells in the indicated donor or host cell
type 72 h after the adoptive transfer as in (A). Splenocytes of naive WT mice (E-H) or
IFNAR™~ mice (H) were transferred into WT (E-H), Mgl2-DTR (E and F), or CD207-DTR
(G) recipients. Data represent mean + SEM of 4-5 (B, C, E, F, and H) or 3-4 (D and G)
mice per group. n.s., p=0.05, *p < 0.05, **p < 0.01, ***p < 0.001, by two-tailed Student’s t
test.
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Fig. 2. CD301b* DCsretain and activate naive polyclonal CD4 T cellsin thedLNin an MHCII-

dependent manner.

(A) Experimental design. Total CD4 T cells were isolated from naive WT donor mice
and 2 x 108 cells were transferred into DT-treated Mgl2-DTR or WT mice that had been
immunized with OVA and papain in the right footpad 24 h earlier. Two h later, further
homing of lymphocytes to LNs was blocked by injecting anti-CD62L mAb. The draining
and non-draining popliteal LNs were harvested 0, 8 and 16 h after the CD62L blockade.
(B-D) Number (B) and CD69 expression (C, D) of the donor CD4 T cells. (E-H) MHCI17/~
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(H2ab17") mice (E) or Mgl2*/cre, H2ab 1" (CD301bAMHCI) mice (F-H) were transferred
with WT CD4 T cells as in (A). Mgl2*/"e; H2ab1*/* mice were used as control in (F-H).
Number (F) and CD69 expression (E, G, H) of the donor CD4 T cells are shown. (1)

Total CD4 T cells isolated from naive Nur77-GFP transgenic mice were transferred into
control or CD301bAMHCI mice as in (A). The dLNs (R) and ndLNs (L) were harvested 8 h
after the CD62L blockade. Representative FACS histograms (left) and the mean fluorescent
intensity (MFI) (right) for the Nur77-GFP reporter expression in the donor CD4 T cells are
shown. (J-K) Control (Mg/2*/C®), or DT-treated Mgl2-Cre;CD11c-dIDTR, CD11c-dIDTR,
or Mgl2-DTR mice were transferred with WT CD4 T cells as in (A). Number (J) and CD69
expression (K) of the donor CD4 T cells are shown. Data represent mean + SEM (B, D, F,
H-K) of 3-9 mice per time-point or representative flow cytometry plot of dLNs 8 h after the
CD62L blockade from at least two independent experiments (C, E, G). *p < 0.05, **p <
0.01, ***p < 0.001, n.s., not significant by two-tailed Student’s t test.
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Fig. 3. CD301b* DC-dependent naive CD4 T cell retention in the dL N isindependent of TCR

specificity.

(A-C) Rag1™~ OT-1l and WT polyclonal CD4 T cells (1 x 10° cells each) were co-
transferred into DT-treated MgI2-DTR or WT recipients that had been immunized with
OVA and papain or papain alone 24 h earlier. The donor cells were allowed to home to
LNs for 2 h, after which further homing was blocked with anti-CD62L mAb. The dLN
were harvested 0, 8 and 16 h after the CD62L blockade (A). Number of donor CD4 T cells
remained in the dLN of mice immunized with OVA and papain (B) or papain alone (C) at
indicated time-points. (D-F) RagZ~~ OT-11 and WT polyclonal CD4 T cells (1 x 10° cells
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each) were co-transferred into Mgl2-DTR or WT mice as in (A). Frequency of CD69™ cells
in the donor CD4 T cells in mice immunized with OVA and papain (D) or papain alone (E
and F) at indicated time-points. (G and H) As in (A), but IFNAR™~ and WT polyclonal
CD4 T cells (1 x 108 cells each) were co-transferred into DT-treated Mgl2-DTR or WT
recipients that had been immunized with OVA and papain. Number of donor CD4 T cells
remained in the dLN (G) and frequency of CD69* cells in the donor CD4 T cells (H) at
indicated time-points. *p < 0.05, **p < 0.01, ***p < 0.001, n.s., not significant by two-tailed
Student’s t test. Pooled data from 4-7 (B), 3-6 (C) or 3-9 (G) mice per group at each time
point are shown.
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Fig. 4. CD301b* DCsdirectly present solubleforeign antigensto CD4 T cellsin thedLN
immediately after their homing.

(A-C) WT or DT-treated Mgl2-DTR mice were immunized with OVA and papain in the
footpad. Twenty-four h later, the dLN and contralateral ndLN were harvested and stained
for DC subsets (CD301b, CD207, CD11c), HEV (PNAd) and B cell follicles (B220).
Representative images (A, B) and the distance of CD301b* or CD207* cells to the nearest
HEV (C) are shown. In (C), data are pooled from 2 mice per group and bars represent
median values. (D, E) WT or DT-treated Mgl2-DTR mice were immunized with Alexa
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Fluor 488 (AF488)-labeled OVA protein with papain in the footpad and the dLNs were
harvested at indicated time-points. Frequency of AF488* cells among each cell subset

(D) and frequency of each AF488* population among total LN cells (E) are shown. LC,
Langerhans cell; rDC, LN-resident DC. n=3-4 per each time-point. Data are pooled from
two independent experiments and represented as mean £ SEM. (F-L) Detection of DC-T
cell conjugates ex vivo. Nur77-GFP:CD45.1;0T-I1 cells (5 x106 cells) were transferred into
WT mice 24 h after immunization with OVA and papain. The dLNs were harvested 3 and
24 h after the transfer and analyzed for the host (CD45.17) MHCII* cell-donor OT-11 cell
(CD45.1%) conjugates by flow cytometry as in (F). Flow cytometric events were analyzed
according to the gating strategy for DC and B cell subsets shown in (G). (H) Composition
of the MHCII* cells (CD301b* DCs, CD207* DCs, CD301b~ CD207~ DCs, and B220*
CD11c™ B cells) within the CD45.1~ MHCII™ single-positive (SP) or CD45.1" MHCII*
double-positive (DP) flow cytometric events in the dLN 3 (left) and 24 h (right) after the OT-
I1 cell transfer into mice immunized with OVA and papain. (I) Enrichment of CD301b* DCs
within the host MHCII* cell-donor OT-11 cell conjugates. Enrichment scores were calculated
as [% in CD45.1* MHCII* DP/% in MHCII* SP] for each cell type. (J) Expression of CD69
and Nur77-GFP reporter in the CD45.1* MHCII~ SP or CD45.1* MHCII* DP events in

the dLNs harvested 3 h after the OT-1I cell transfer. (K, L) Expression of the Nur77-GFP
reporter in the OT-I1 cells conjugated with indicated cell type in the dLN 3 h after the OT-II
cell transfer. Data indicate mean £ SEM (D, E, I, L) or representative flow cytometry plots
of at least two independent experiments (G, J, K). *p < 0.05, **p < 0.01, ***p < 0.001, n.s.,
not significant by two-tailed Student’s t test.
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Fig. 5. The positioning of CD301b™ DCs near HEV sfacilitates their interaction with incoming
naive CD4 T cells.

(A-D) WT mice were immunized with OVA and papain in the footpad and concurrently
injected with either FTY720 or vehicle intraperitoneally. Twenty-four h later, the dLNs were
harvested and examined for frequencies and localization of DC subsets. (A) Frequencies
(left) and numbers (right) of DC subsets (CD301b*, CD207*, and CD301b~ CD2077)
among total B220~ TCRB™ Ly6G~ CD11c* MHCIING" migratory DCs are shown. (B-D)
Representative histological images of DC subsets (CD301b and CD207), HEVs (PNAd),
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and B cell follicles (B220) (B, C) and the distance of CD301b* or CD207* cells to the
nearest HEV (D) are shown. Bars in (D) represent median values. (E-G) OT-II cells (2 x

108 cells) were transferred into WT mice 24 h after immunization with OVA and papain and
injection with either FTY720 or vehicle. The mice were injected with anti-CD62L mAb 1.5
h after the transfer. The draining popliteal LNs were harvested immediately or at indicated
time-points after the CD62L blockade. The number (F) and the CD69 expression of the
donor OT-11 (G) are shown. (H) OT-I1 cells (5 x108 cells) were transferred into WT mice 24
h after immunization with OVA and papain and injection with either FTY720 or vehicle. The
dLNs were harvested at indicated time-points and the number of host DC (CD45.1~ CD11c*
MHCII*)-donor OT-I1 cell (CD45.1*) conjugates was enumerated by flow cytometry. (I and
J) Same as (F) and (G) but WT polyclonal CD4 T cells were transferred. Data represent
mean + SEM (A, F-J). *p < 0.05, ***p < 0.001, n.s., not significant by two-tailed Student’s t
test.
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Fig. 6. CD301b* DCsarerequired for timely priming of antigen-specific CD4 T cells.
(A-1) CFSE-labeled OT-11 cells (2 x 10° cells) were transferred into DT-treated Mgl2-DTR

or WT mice 24 h after immunization and allowed to home to LNs for 2 h, after which
further homing was blocked with anti-CD62L mAb. dLNs were harvested at indicated
time-points after the CD62L blockade as in (A). Cell division (B, C), cell numbers (D),
percentage among total CD4 T cells (E), cell death (F), CD69 expression (G, H) and Nur77
expression (1) in the donor OT-11 cells at indicated time-points are shown. The inset in (D)
shows the number of OT-11 cells in the dLN 8 and 16 h after the CD62L blockade. (J)
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Nur77-GFP;CD45.1;0T-11 cells (2 x 106 cells) were transferred into recipient mice as in (A)
and the dLNs were harvested 8 h after the CD62L blockade. Nur77-GFP reporter expression
of the donor OT-I1 cells is shown. Data represent mean + SEM (C, D, E, F, H) or show
representative flow cytometry plots of at least two independent experiments (B, G, I, J). In
(D) and (H), data are pooled from 4-9 mice per group at each time-point. *p < 0.05, **p <
0.01, ***p < 0.001, n.s. not significant by two-tailed Student’s t test.
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Fig. 7. Early interaction with CD301b* DCsiscritical for the maximal expansion and the fate
decision by antigen-specific CD4 T cells.

(A,B) CFSE-labeled OT-11 cells (2 x 10° cells) were transferred into Mgl2-DTR or WT mice
24 h after immunization with OVA and papain and allowed to home to LNs for 2 h, after
which further homing was blocked with anti-CD62L mAb. The recipient mice were treated
with DT either 1 or 2 days after the immunization and the dLNs were harvested 56 h after
the CD62L blockade as in (A). Cell division profile of the OT-1I cells is shown in (B). (C-E)
CFSE-labeled OT-I1 cells (2 x 108 cells) were transferred into DT-treated Mgl2-DTR or WT
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mice 24 h after immunization with OVA and CFA and allowed to home to LNs for 2 h, after
which further homing was blocked with anti-CD62L mAb. The dLNs were harvested 56 or
80 h after the CD62L blockade. Cell division (C, D), cell number (E) of the OT-11 cells in
the dLN at indicated time-points are shown. Histograms in (C) show representative data at
the 56-hour time-point. (F-1) OT-11 cells (2 x 10° cells) were primed with OVA and papain
as in Fig. 5A (F-H) or with OVA and CFA as in Fig. 6C (I). In (H), 4get;OT-11 mice were
used as the donor. dLN cells were harvested 80 h after the CD62L blockade and stimulated
ex vivo with PMA and ionomycin for intracellular cytokine staining (F and I). Alternatively,
the cell surface expression of IL-4Ra or the IL-4-GFP reporter expression in OT-11 cells
was examined by flow cytometry 56 h after the CD62L blockade (G and H). Frequencies
of IL-4*, IFNy*, IL-17A* or IL-4Ra™* cells among the donor OT-I1 cells are shown. Data
represent mean = SEM of 3-10 (D, E), 9-13 (F), 3-4 (G), 5-7 (H), or 3-7 (1) per group (D-I)
or show representative flow cytometry plot of 3-4 (B), 3-8 (C), or 3-4 (G) mice (B, C, G).
*p < 0.05, **p < 0.01, ***p < 0.001, n.s. not significant by two-sided Student’s t test.
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Fig. 8. CD301b* DCsarerequired for optimal priming and expansion of rare antigen-specific
CDAT cdl clones.

(A-C) Titrated numbers (1, 10, 100, 1,000, or 10,000) of CFSE-labeled OT-1I cells together
with unlabeled WT CD4 T cells (to match the total donor cell number always to 10,000)
were transferred into DT-treated MgI2DTR or WT mice 24 h after immunization with OVA
and papain, and the dLNs were harvested 4 days after the adoptive transfer (A). Flow
cytometric plots of the total LN cells (B) and the number of OT-11 cells detected in the dLN
(C) are shown. Data are pooled from 3-6 mice per group. (D) CFSE-labeled naive OT-11
cells (100, or 1,000) together with unlabeled WT CD4 T cells were transferred into control
or CD301bAMHCH mijce 24 h after immunization with OVA and papain. The number of OT-11
cells detected in the dLNs 4 days after the immunization is shown. Data pooled from 7-11
mice per group. (E-G) WT or Mgl2-DTR mice were transferred with 1 x 10° OT-II cells
and immunized with OVA and papain in the right footpad on day 0. The mice were treated
with DT on day 16 and re-challenged with OVA and papain in the left footpad on day 17.
Popliteal LNs were harvested on day 20, 3 days after the secondary challenge (E). Flow
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cytometry plots of the total dLN cells in the left popliteal LNs (F) and the number of OT-11
cells detected in the right (R) or left (L) popliteal LNs are shown. Data represent means

+ SEM (C, D, G) or show representative flow cytometry plots of at least two independent
experiments (B, F). *p < 0.05, n.s., not significant, by two-tailed Student’s t test.

Sci Immunol. Author manuscript; available in PMC 2022 June 10.



	Abstract
	One Sentence Summary:
	Introduction
	Results
	Depletion of CD301b+ DCs results in reduced accumulation of T and B Cells in the dLN
	CD301b+ DCs are required for the upregulation of CD69 in polyclonal CD4 T cells recruited to the dLN
	CD301b+ DCs retain and activate naive polyclonal CD4 T cells in the dLN in an MHCII-dependent manner
	CD301b+ DCs are necessary and sufficient for the naive CD4 T cell retention in the dLNs
	CD301b+ DC-dependent naive CD4 T cell retention in the dLN is irrespective of TCR specificity
	CD301b+ DC-dependent CD69 upregulation is antigen-dependent
	CD301b+ DCs directly present soluble foreign antigens to CD4 T cells in the dLN immediately after their homing
	The positioning of CD301b+ DCs near HEVs facilitates their interaction with incoming naive CD4 T cells
	CD301b+DCs are required for timely priming of antigen-specific CD4 T cells
	Early interaction with CD301b+DCs is critical for the maximal expansion and the fate decision by antigen-specific CD4 T cells
	CD301b+ DCs are required for optimal priming and expansion of rare antigen-specific CD4 T cell clones

	Discussion
	Materials and Methods
	Study design (please summarize study here)
	Mice
	DT treatment and immunization
	Cell trafficking and priming analysis
	TRITC painting experiments
	T cell priming in FTY720-treated mice
	Cell preparations and flow cytometry
	Immunohistochemistry
	Statistical Analysis

	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Fig. 6.
	Fig. 7.
	Fig. 8.

