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The spleen is the lymphoid organ that induces immune responses
toward blood-borne pathogens. Specialized macrophages in the
splenic marginal zone are strategically positioned to phagocytose
pathogens and cell debris, but are not known to play a role in the
activation of T-cell responses. Here we demonstrate that splenic
marginal metallophilic macrophages (MMM) are essential for cross-
presentationof blood-borneantigens by splenic dendritic cells (DCs).
Our data demonstrate that antigens targeted to MMM as well as
blood-borne adenoviruses are efficiently captured by MMM and
exclusively transferred to splenic CD8+ DCs for cross-presentation
and for the activation of cytotoxic T lymphocytes. Depletion of mac-
rophages in the marginal zone prevents cytotoxic T-lymphocyte
activation by CD8+ DCs after antibody targeting or adenovirus infec-
tion. Moreover, we show that tumor antigen targeting to MMM is
very effective as antitumor immunotherapy. Our studies point to an
important role for splenic MMM in the initial steps of CD8+ T-cell
immunity by capturing and concentrating blood-borne antigens
and the transfer to cross-presentingDCswhich canbeused todesign
vaccination strategies to induce antitumor cytotoxic T-cell immunity.

antigen presentation | infection

The spleen is essential for the induction of immune responses
toward blood-borne antigens and has a unique architecture.

Arterial blood flow terminates in marginal sinuses situated in the
marginal zone (MZ) that surrounds the white pulp containing B-
cell follicles and T-cell zones. Marginal sinuses are lined by retic-
ular cells and contain marginal zone B cells and two types of
macrophages (Mφ) (1, 2). Marginal metallophilic macrophages
(MMM), characterized by the expression of sialic acid-binding Ig-
like lectin-1 (Siglec-1, Sialoadhesin, CD169) (3, 4), are located as a
tight network in the inner part of the MZ near the white pulp,
whereas marginal zone macrophages (MZM), which specifically
express the C-type lectin SIGN-R1, can be found in the outer MZ
toward the red pulp (5). BothMZMand a subset ofMMMexpress
the type I scavenger receptor MARCO (6). Although MMM and
MZM efficiently take up particulate antigens (Ag) present in the
blood (7–9), they are hitherto considered not to be important for
the generation of T-cell responses (8–10).
In contrast to Mφ, dendritic cells (DCs) are specialized Ag-

presenting cells that have a dominant role in initiating primary T-
cell responses. Murine splenic DCs can be divided into two dif-
ferent subsets based on the expression of phenotypic markers:
localization and function (11). CD8+ DCs express the C-type
lectin DEC205 and are found in the T-cell zone and the outer
marginal zone (12). They are specialized in cross-presentation of
Ag and in the activation and tolerization of cytotoxic T cells
(CTLs) (13–16). Furthermore, they are important for the gen-
eration of antitumor specific immune responses and the elimi-
nation of tumors in vivo (17). In contrast, CD8− DCs are
specialized in the activation of CD4+ T cells. CD8− DCs are
mainly localized in the marginal zone and selectively express the

C-type lectin DCIR2. Upon activation, all DC subsets migrate to
the T-cell zone (18).
In this study, we have investigated the role of splenic Mφ in the

activation of CTL responses. We were able to demonstrate the
transfer of Ag to cross-presenting CD8+ DCs and the induction of
strong cytotoxic T-cell responses after targeting of Ag to marginal
metallophilic macrophages. In addition, MMM were shown to
contain adenovirus-encoded Ag and were essential for the gen-
eration of CTL responses after intravenous adenovirus vaccina-
tion. Our data show a physiological collaboration between MMM
andDCs whereby the cross-presenting CD8+DCsmake use of the
efficient Ag-concentrating capacity of theMMM. This process can
beused for targeting strategies to induce antitumorCTL responses.

Results
Ag Targeting to MMM Results in Efficient CD8+ T-Cell Activation. To
study the role of splenic Mφ in Ag presentation and T-cell
activation, we covalently conjugated the OVA Ag to various
monoclonal antibodies (mAb) to specifically target different Mφ
subsets in the spleen. This was achieved by using an mAb to
Siglec-1 that is only expressed by MMM, the scavenger receptor
MARCO that is strongly present on MZM and on a subset of
MMM, F4/80 that is expressed by red pulp Mφ, and SIGN-R1
that is specifically expressed by MZM. Stainings of spleen cry-
osections with these mAb confirmed the specific expression
patterns on MMM and MZM (Fig. S1A), and upon i.v. injection
the antibody-OVA conjugates showed specific binding to specific
Mφ subsets (Fig. S1B).
To study whether specific targeting would lead to differences

in CD8+ T-cell activation, mAb-OVA complexes were i.v.
injected together with activating αCD40 mAb. Seven days after
immunization, splenocytes were restimulated in vitro with the H-
2Kb OVA257–264 epitope and examined for intracellular IFNγ
production as a measurement for OVA-specific CD8+ T-cell
induction. Ag targeting to MMM with OVA conjugates directed
to both Siglec-1 and MARCO resulted in high numbers of IFNγ-
producing CD8+ T cells, whereas immunization with the irrele-
vant control mAb did not activate CD8+ T cells in vivo (Fig. 1A).
Targeting to MZM via SIGN-R1 or red pulp Mφ via F4/80
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resulted in lower CD8+ T-cell responses not significantly dif-
ferent from the irrelevant control mAb (Fig. 1A).
Direct comparison of the efficiency of Ag targeting to different

Mφ subsets via conjugation to different Ab has some limitations.
Different surface receptors are targeted using Ab which may
exhibit differences in affinity and trafficking behavior, which may
be further modified due to the chemical conjugation to Ag. These
differences may potentially explain the low CD8+ T-cell stim-
ulating capacity of Ab targeting to MZM or red pulp Mφ. How-
ever, with these limitations taken into account, our data indicate
that targeting to MMM results in efficient CD8+ T-cell priming.
It has been well-documented that for the generation of CD8+

cytotoxic T cells, the CD8+ dendritic cells expressing DEC205 are
crucial and that specific targeting to DEC205 leads to strong CTL
activation (16). We therefore wished to compare the efficiency in
the generation of CTLs between αSiglec-1-OVA complexes and
αDEC205-OVAcomplexes.As reported previously (16), targeting
to CD8+ DCs with αDEC205-OVA resulted in strong CTL acti-
vation, as measured by the in vivo killing of OVApeptide-loaded
carboxyfluorescein diacetate succinimidyl ester (CFSE)-labeled
splenocytes (Fig. 1B) and the frequency of IFNγ-producing CD8+

T cells (Fig. 1C). Targeting to MMM was as effective in CD8+ T-
cell induction as directDC targeting (Fig. 1B–D). The comparable
efficiency over a broad range of conjugate doses (Fig. 1D) is sur-
prising, because the amount of OVA linked to αSiglec-1 mAb was

approximately 6-fold less than to αDEC205 mAb (Fig. S1C).
Interestingly, we could not detect IFNγ-producing CD4+ T cells
after immunization with αSiglec-1-OVA (Fig. S2A).

MMM Specifically Transfer Captured Ags to CD8+ DCs In Vivo. We
showed that OVA targeted to MMM strongly activated OVA-
specific CD8+ T-cell responses. Over the years, attempts to attrib-
ute a direct role in adaptive immunity to the Mφ in the marginal
zone have failed (8, 10), and in general Mφ are thought to support
T-cell functions only after initial priming by dendritic cells. We
therefore hypothesized that CTL generation was a result of
Ag transfer to splenic DCs. Because MMM are present in very low
numbers in spleenpreparations andare extremelydifficult topurify,
wewere not successful in isolating them for in vitro transfer studies.
Therefore, we investigated whether DCs could acquire Ag from
MMM in vivo. For this, CD11c+DCs were isolated frommice after
immunization with mAb-OVA complexes, and the capacity to
present OVA Ag was tested by culturing them with OVA-specific
CD8+ T cell receptor transgenic OT-I T cells and OVA-specific
CD4+ T cell receptor transgenic OT-II cells. Strong OT-I pro-
liferationwas observed after stimulationwithCD11c+DCs isolated
from mice injected with αSiglec-1-OVA or αMARCO-OVA com-
plexes that target MMM, whereas CD11c+ DCs isolated from
mice injected with αSIGN-R1-OVAor F4/80-OVA complexes that
target MZM or red pulp Mφ, respectively, stimulated weak OT-I
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Fig. 1. Ag targeting to MMM results in efficient CD8+ T-cell priming. (A) Evaluation of CD8+ T-cell priming after targeting to splenic Mφ subsets. Mice were i.v.
immunized with 1 μg indicated mAb-OVA together with 25 μg αCD40 mAb. After 7 days, spleen cells were restimulated in vitro for 5 h with the MHC class I
OVA257–264 peptide and stained for CD8, CD11a, and intracellular IFNγ. Graphs show the percentage of CD8+CD11a+ T cells producing IFNγ. (B) Mice were
injected with the indicated mAb-OVA complexes and, 7 days later, CFSE-labeled OVA257–264-peptide-coated cells were injected intravenously. After 4 h, the
cytotoxicity of OVA257–264-peptide-coated cells was analyzed by FACS. (C) Splenocytes were obtained from mice 7 days after immunization with 1 μg indicated
mAb-OVA, plus 25 μg αCD40mAb. Cells were restimulated in vitro and analyzed for OVA-specific IFNγ production. The bar graph indicates average frequency of
IFNγ-positive CD8+CD11a+ T cells in mAb-OVA immunized mice. (D) Mice were immunized with a titration of αSiglec-1-OVA (squares) or αDEC205-OVA (tri-
angles). After 7 days, splenocytes were restimulated in vitro. Control mAb-OVA did not result in T-cell IFNγ production above 0.25% for CD8+ T cells. Error bars
indicate SEM, n = 5 mice per group. ***P < 0.01, **P < 0.05 versus control mAb-OVA. P values were calculated by one-way ANOVA with Bonferroni correction
(GraphPad Prism 4 software).
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proliferation (Fig. 2A). This indicates that Ag targeted to MMM
was transferred toDCs forMHC class I presentation. Analogous to
our in vivo observations, we did not observeMHC class II restricted
OVA presentation to OT-II cells with DCs purified frommice that
had been injected withmAb-OVA complexes targeted toMMMor
MZM (Fig. S2B).
Next, we compared CD11c+DCs isolated from αSiglec-1-OVA

immunized mice to DCs from mice immunized with αDEC205-
OVA that targets CD8+DCs andDCs frommice immunized with
αDCIR2-OVA that targets CD8− DCs. Targeting to CD8+ DCs
with αDEC205-OVA as well as targeting toMMMwith αSiglec-1-
OVA resulted in strong OT-I proliferation (Fig. 2B). We did not
detect OT-II proliferation after coculture with CD11c+ DCs iso-
lated from αSiglec-1-OVA immunized mice, although targeting to
CD8− DCs with αDCIR2-OVA led to strong OT-II proliferation,
as previously reported (Fig. S2B) (16). Together, the results show
that after targeting to MMM, DCs acquire the Ag and are able to
activate Ag-specific CD8+ T cells.
CD11c+ DCs purified from nontreated mice were not able to

stimulate OT-I proliferation in the presence of αSiglec-1-OVA in
vitro, although strong proliferation was observed in the presence
of αDEC205-OVA (Fig. 2C). This indicates that CD11c+ DCs
cannot take up, process, and present OVA epitopes from
αSiglec-1-OVA in vitro and suggests that the observed in vivo
activation of CD8+ T cells via αSiglec-1-OVA was not due to
nonspecific targeting of DCs.
Splenic DCs can be separated into CD8+ and CD8− subsets, of

which the CD8+ DC subset is specialized in cross-presentation
and CTL induction. To determine which DC subset was respon-
sible for the observed CD8+ T-cell priming in vivo, DC subsets
were sorted from αSiglec-1-OVA immunized mice and used as
stimulators of naive OT-I cells. Only CD8+ DCs but not CD8−

DCs from αSiglec-1-OVA immunized mice cross-presented OVA
in the context of MHC class I molecules to OT-I T cells (Fig. 2D).

These results clearly show that Ag targeting to MMM results in
exclusive cross-presentation by CD8+ DCs to CTLs.

Clodronate Depletion of Macrophages Impairs T-Cell Priming via
αSiglec-1. To determine whether MMM were necessary for pre-
sentation of αSiglec-1-OVA complexes by DCs, mice were i.v.
injected with Cl2MBP (clodronate) liposomes, which are very
potent in depleting highly phagocytic cells including red pulp
Mφ, MMM, MZM, and DCs (19). Red pulp Mφ and DCs
repopulate the spleen within 7 days, whereas MMM and MZM
take 2 weeks to a month to return to normal numbers. Analysis
of spleens 7 days after administration of clodronate liposomes
indicated that MMM were effectively depleted, whereas DC
populations were present at normal numbers (Fig. 3A). At this
time point, αSiglec-1-OVA complexes were injected and
CD11c+ DCs were isolated 16 h after immunization. DCs iso-
lated from clodronate liposome-treated mice completely lacked
the capacity to cross-present OVA to OT-I cells in vitro (Fig.
3B). In contrast, direct targeting to CD8+ DCs via αDEC205-
OVA complexes was not dependent on the presence of splenic
Mφ (Fig. 3B). Accordingly, in vivo OVA-specific cytotoxicity
7 days after immunization with αSiglec-1-OVA was lost in
clodronate liposome-treated mice, whereas CTL activity ach-
ieved by targeting to CD8+ DCs via αDEC205-OVA was not
affected (Fig. 3C). Together, these results indicate that MMM-
mediated uptake of αSiglec-1-OVA is essential for the sub-
sequent CD8+ DC cross-presentation to CTL.

Ag Transfer from MMM to CD8+ DCs Is Pertussis Toxin-Sensitive.
MMM are located in the MZ, whereas CD8+ DCs reside in
the T-cell area of the white pulp and the outer marginal zone
(12). Both DC subsets are continuously replaced with precursors
from the blood at a rate of nearly 100,000 cells per day (20). We
hypothesized that the continuous influx of CD8+ DC precursors
from the blood or from the outer marginal zone could be the
underlying mechanism by which DCs acquired Ag from the
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strategically positioned macrophages. Alternatively, MMM could
be able to migrate into the T-cell area of the splenic white pulp.
Because both processes would involve chemokine receptor-
mediated migration, we used pertussis toxin (PTx), which inhibits
Gαi protein-coupled receptors including chemokine receptor
signaling. Treatment of mice with PTx inhibited Ag transfer from
MMM to DCs, whereas direct targeting to CD8+ DCs was
unaffected (Fig. 3D). This result supports the scenario that cell
migration is required for Ag transfer from MMM to CD8+ DC,
although the identity of the migratory cell type, that is, MMM,
CD8+ DC, or other, remains to be elucidated.

MMM Are Essential for the Activation of CTLs via Intravenous
Adenovirus Immunization. A widely used vector for the induction
of antitumor CTLs is adenovirus (21, 22), and to analyze the role of
the spleen in the induction of CTLs by adenoviral vectors, we
immunizedmice intravenously or subcutaneously with recombinant
adenovirus expressing ovalbumin (AdLOG). AdLOG immuniza-
tion induced OVA-specific CTLs, as indicated by the capacity of
immunized mice to kill OVApeptide-coated CFSE-labeled sple-
nocytes within 4 h after injection (Fig. 4A), and by expansion of
OVA-specific CD8+T cells (Fig. S3A andB). Intravenous injection
of AdLOG was significantly more efficient in activating CTL
responses as compared to s.c. injection (Fig. 4A). Interestingly,
removal of the spleen completely abrogated the induction of OVA-
specific CTLs after i.v. administration of AdLOG (Fig. 4 A and B
and Fig. S3 A and B) and prohibited the induction of antitumor
responses (Fig. S3C andD). CTL induction in splenectomizedmice
could partially be restored by autotransplantation of whole spleen

parts, but not by injection of splenocytes in single-cell suspension
(Fig. 4B). Using GFP-expressing adenovirus, we could clearly show
that, upon i.v. injection, virus-encoded proteins were detected in
Siglec-1 expressingMMM(Fig. 4C).These results indicate that after
i.v. adenovirus administration the spleen is the major site for CTL
activation, that intact splenic tissueorganization isneeded for in vivo
T-cell activation, and that MMM contain virus-encoded proteins.
Analogous to our experiments with Ag-mAb targeting, we

wished to establish the role of MMM and DCs in adenoviral spe-
cific CTL responses using cell depletion. We first used CD11c
diphtheria toxin receptor (CD11cDTR) transgenic mice. Diph-
theria toxin treatment of these mice leads to elimination of
CD11c+ DCs and both Mφ subsets present in the marginal zone
(23) and completely prohibited the generation of CTLs after
AdLOG immunization (Fig. 4D), whereas nontreatedCD11cDTR
and diphtheria toxin-treated wild-type mice elicited strong CTL
responses (Fig. S4). When Mφ were eliminated using the clodro-
nate liposomes 7 days before adenoviral transfer again no CTL
activation was observed (Fig. 4D). This result shows that the
presence of DCs is not sufficient for the induction of CTL
responses and that Mφ are crucial for CTL generation after ade-
novirus infection. Together, these results indicate an important
role for splenic Mφ and specifically MMM in the uptake of ade-
novirus-encoded Ag and the subsequent generation of CTL
responses specific for these Ag.

Targeting to MMM Elicits Antitumor CTL Responses. Having estab-
lished the importance of splenic macrophages for CTL induction
andaputative specific role for theMMMbasedonvirus localization,
wewished to studywhether specific targeting toMMMcouldbeused
to induce tumor vaccination. Using B16 melanoma cells expressing
OVA, we could show that prophylactic vaccination with αSiglec-1-
OVA as well as with αDEC205-OVA resulted in a strong inhibition
of outgrowth of B16 tumors expressing OVA (Fig. 5). These results
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indicate that targeting toMMMmayprovideanefficient vaccination
strategy for the induction of antitumor immune responses.

Discussion
In this study, we addressed the function of splenic marginal zone
Mφ subsets in the induction of CTL responses. We have dem-
onstrated that MMM in the splenic MZ transfer Ag exclusively
to CD8+ splenic DCs, leading to efficient cross-presentation and
activation of CTLs. This collaboration between MMM and
dendritic cells was demonstrated for both protein Ag and ade-
novirus infection. Finally, by specific targeting of tumor Ag to
MMM, we were able induce antitumor CTL and inhibit tumor
outgrowth. In conclusion, we have identified in the spleen a
unique interaction between the innate immune system and the
adaptive immune system, leading to efficient capture and pre-
sentation of blood-borne Ags.
Transfer of Ag from one cell to the other has previously been

demonstrated between Ag-carrying DCs migrating from periph-
eral tissues and lymph-node-resident CD8+ DCs in lymph nodes
draining the skin (24) or the lungs (25). Lymphatic drainage to the
spleen has not been demonstrated and, although it cannot be
excluded that Ag-carrying DCs from peripheral tissues may enter
the spleen via the blood, the observations we present here clearly
demonstrate Ag capture by macrophages and subsequent Ag pre-
sentation by dendritic cells. Although the precise mechanism
involved in the actual cellular transfer remains to be elucidated, the
anatomyof the spleen is ideally suited toaccommodate theprocess.
On the one hand, theMMMare strategically positioned to capture
Ags from the slowly percolating bloodstream of themarginal zone,
and on the other hand CD8+ DCs are continuously replaced by
precursors from the blood (20). This replacement involves teth-
ering in the marginal zone and migration into the T-cell zone,
thereby passing the ring of MMM at the border of the white pulp.
In addition, there is a substantial population of CD8+ DCs

present in the outermarginal zone (12). Little is known about their
dynamics, but it can be envisaged that they can also migrate into
the T-cell zone upon local activation and will pick up Ags from the
MMM in the process. Alternatively, the MMM themselves may
migrate into the T-cell zone and pass Ags to residing CD8+ DCs.
However, in spite of careful examination, we could not detect any
translocation of MMM into the T-cell zone after antigenic stim-
ulation, making this route of Ag transfer very unlikely.
The transfer of Ag by MMM to cross-presenting CD8+ DCs

results in CD8+ T-cell immunity. This process exists parallel to
direct uptake and phagocytosis by CD8+ DCs themselves, as is
illustrated by the effects of direct targeting to DEC205 on CD8+

DCs.Whywould twomechanisms be present for uptake and cross-
presentation ofAgs toCD8+T cells?Obviously,MMMandCD8+

DCs differ in the expression of uptake receptors and localization.
MMM express pathogen recognition receptors, such as MARCO
andSiglec-1 (1), that are absent onCD8+DCs. Perhaps evenmore
important, MMM are strategically positioned to take up Ag from
theblood.They are located just beneath the endothelial cells lining
the marginal sinus and are very well known to capture Ag present
in the blood. In contrast, CD8+DCs that are situated in the T-cell
zone ormarginal zone function poorly in capturing particulate and
soluble substrates (12). This is illustrated by our experiment in
which we infected mice that had been previously treated with
clodronate liposomes and which lackedMφ, including MMM, but
still contained DCs. Even though these mice contained functional
DCs, they were not able to activate CTLs in response to adenoviral
infection. This finding underlines the importance of Mφ in the
marginal zone for the CTL response against pathogens.
One of the main functions of Mφ is to eliminate harmful

pathogens. In DCs, lysosomal acidification and proteolytic deg-
radation are delayed in favor of cross-presentation, which impairs
the microbial killing capacity of DCs (26). In contrast, Mφ such as
MMM are well-equipped and even necessary for elimination of
blood-borne pathogens, as shown for Listeria monocytogenes and
Lymphocytic choriomeningitis virus (8, 9). Instead, CD8+DCs have
been shown to be permissive for L. monocytogenes entry and
spreading in the spleen (27). The efficient uptake of pathogens by
MMMfollowed by elimination aswell asAg transfer toCD8+DCs
would be very advantageous and even necessary for immediate
survival as well as for the induction of adaptive immune responses.
Here we show that specific targeting of tumor Ag to splenic

MMMleads to cross-presentation byCD8+DCsand the induction
of antitumor CTL responses. Adenovirus-mediated gene therapy
to induce CTL responses against tumors and chronic viral infec-
tions has received considerable interest and has already led to
clinical trials (28, 29). Our data suggest that the enormous
potential of adenoviral vectors to induce stable, noncontracting
CTL responses is based on their Ag uptake by MMM. We spec-
ulate that MMM continuously transfer adenoviral Ag to CD8+

DCs in the MZ. Targeting Ag to MMM via antibodies against
Siglec-1 might mimic the reservoir effect of adenovirus, but with-
out the danger of an adenoviral infection. Because also Siglec-1+

Mφ have been detected nearDEC205+DCs in human spleen (30),
further studies on targetingMMMwould be of utmost interest for
the development of optimal antitumor vaccination strategies.

Materials and Methods
Further details are available in SI Materials and Methods.

Mice. C57BL/6 mice were obtained from Charles River or Janvier. CD11cDTR
mice were a gift from Günter J. Hämmerling (Heidelberg, Germany). OT-I and
OT-II micewere bred at the animal facility of the VUUniversityMedical Center
and have transgenic Vα2Vβ5 T-cell receptors that recognize OVA257–264/H2-K

b

andOVA323–339/I-A
b, respectively. Allmicewere kept under specific pathogen-

free conditions and were used in accordance with local animal exper-
imentation guidelines. Splenectomy and autotransplantation are described in
detail in SI Materials and Methods.

Adenovirus Infection, Tumor Injection, and In Vivo Imaging.Mice were infected
with different recombinant adenoviruses expressing OVA, GFP, melanoma
tumor Ag TRP2, and luciferase or injected with B16 melanoma tumor cells
expressing luciferase, ovalbumin, and GFP. Mice were evaluated using in vivo
imaging (IVIS) and for in vivo cytotoxicity.

Depletion of Macrophages and DCs and PTx Treatment. Mice were injected i.v.
with Cl2MBP-containing liposomes (19) to eliminate macrophages, and DCs
were depleted in CD11cDTR mice by injection of diphtheria toxin. Mice were
injected intraperitoneally with pertussis toxin.

Immunizations and Detection of T-Cell Responses. Micewere injectedwith 1 μg
mAb-OVAplus 25 μg activating αCD40mAb (1C10) intravenously. After 7 days,
splenocytes were restimulated in vitro to detect OVA-specific CD8+ T-cell and
CD4+ T-cell responses.
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Fig. 5. Invivotargeting toMMMresults in functionalantitumorCTL responses.
Mice were i.v. immunized either with 5 μg αSiglec-1-OVA, 5 μg αDEC205-OVA
(both togetherwith25μgαCD40),or5×107pfuAdOVA.After 7days,micewere
injected with B16 melanoma cells expressing OVA and luciferase in the portal
vein. Tumor growthwasmeasured onday 5 after tumor implantationby in vivo
imaging (IVIS200; Xenogen). Error bars indicate SEM, n = 3–4 mice per group.
***P < 0.01 versus control. P values were calculated by one-way ANOVA with
Bonferroni correction (GraphPad Prism 4 software).
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Isolation of T Cells and DCs and Ex Vivo and In Vitro Ag-Presentation Assays.
CD8+ T cells and CD4+ T cells were purified from OT-I and OT-II transgenic
mice, respectively, and DCs were isolated from OVA-mAb immunized mice or
from nonimmunized mice. OT-I and OT-II proliferation was measured by the
incorporation of [3H]thymidine.

Coupling of Ovalbumin to mAbs and OVA ELISA. Ovalbumin was covalently
coupled to mAb MOMA-1 (specific for Siglec-1), ED31 (specific for MARCO),
F4/80, NLDC145 (specific for DEC205), 33D1 (specific for DCIR2), R7D4 (neg-
ative control recognizing an idiotypic determinant on a mouse B-cell lym-
phoma), and 22D1 (specific for SIGN-R1). Efficiency of OVA coupling to mAb
was determined by ELISA.

Confocal Microscopy. Cryosections from spleens frommice injected with mAb-
OVA (20 μg) or control B6 mice were stained with mAb specific for DCs and
Mφ subsets and the presence of injected mAb-OVA.
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