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Abstract
Secondary lymphoid organs such as the spleen serve as a meeting place for immune cells 
and pathogens, thereby facilitating the induction of immune responses. Previously, we 
showed that CD169+ macrophages and CD8+ DCs collaborate in the induction of immune 
responses. Here, we elucidate possible mechanisms via which antigens are transferred 
from CD169+ macrophage to CD8+ DCs. Using Batf3-/- mice, we show that CD8+ DCs are 
crucial for initiating CD8+ T cell responses upon antigen targeting to CD169+ macrophages. 
CD8+ DCs are characterized by the expression of XCR1 and are the only cells to respond 
to XCL1. We observed that splenic macrophages mediated XCL1 expression by NK cells 
upon adjuvant injection, which could potentially induce migration of CD8+ DCs towards 
macrophages. Next, we investigated whether the CD169 molecule was involved in 
interaction between CD169+ macrophages and CD8+ DCs. Whereas recombinant CD169 
efficiently bound to all DC subsets, a preferential binding of CD169 to CD8+ DCs was 
observed. Using mice expressing a mutated form of CD169, which is unable to bind sialic 
acids, we observed that CD169 binding to sialic acids is required for the generation of 
T cell responses upon antigen targeting to CD169+ macrophages. Together, these data 
indicate that CD8+ T cell responses initiated by CD169+ macrophages are dependent on 
the presence of CD8+ DCs and functional CD169 and could be mediated by the production 
of XCL1 by NK cells. Via these mechanisms, CD8+ DCs, NK cells, and CD169+ macrophages 
collaborate in the generation of efficient immune responses to pathogens. 
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Introduction
The spleen serves as a meeting place for immune cells and pathogens present in the blood 
and thereby is crucial for the induction of immune responses 1. Blood enters the spleen 
via the splenic artery, which branches into the central arterioles that are surrounded by 
a layer of lymphoid tissue, known as the white pulp. The marginal zone, which surrounds 
the B cell follicles and T cell areas that form the white pulp, contains MAdCAM1 expressing 
sinus lining cells and two distinct macrophage populations 2,3. Because of their strategic 
location, these macrophages continuously scan the blood for passing pathogens, and 
thereby serve as gatekeepers of the body. CD169 (siglec-1 or sialoadhesin) marks the 
macrophage population that is also referred to as marginal metallophilic macrophages 
and is located at the inner rim of the marginal zone, between the B cell follicles and 
the sinus lining cells 4-7. These splenic CD169+ macrophages exhibit phenotypical and 
functional similarities with subcapsular sinus macrophages that are found in the lymph 
nodes 4. In addition, SIGNR1 expressing marginal zone macrophages (MZMs) are located 
at the outer part of the marginal zone, close to the red pulp 8.

Several studies indicate that CD169 is an uptake receptor of bacteria 9,10 and that 
viruses utilize CD169 11,12 to mediate entry. CD169 is the biggest member of the Siglec 
family of lectins, and consists of 17 immunoglobulin domains that specifically bind α2 to 3 
linked sialic acids 5. Since it lacks an intracellular signaling domain, it has been postulated 
that CD169 plays a role in cell-cell recognition instead of signaling 5. Furthermore, CD169+ 
macrophages are permissive for viral infections, thereby allowing viral replication upon 
internalization 13. Also, NK cell accumulation and activation upon viral infections is 
dependent on the presence of CD169+ macrophages 14-16. Together, these mechanisms 
prevent further spread of the infection but ensure the presence of sufficient antigen for 
the initiation of adaptive immune responses.

Previously, we have shown that CD169+ macrophages transfer antigens to 
CD8+ DCs 17. Upon antigen targeting to CD169+ macrophages, CD8+ T cells were activated 
as efficiently as after antigen targeting to CD8+ DC. Splenic DCs can be divided into a 
CD4+CD8-, CD4-CD8- and a CD4-CD8+ subset 18. Both CD8- DC subsets are mainly located in 
the marginal zone, and are specialized in the induction of CD4+ T cell responses 19. On the 
other hand, CD8+ DCs that are primarily found in the red pulp and T cell area of the spleen 
are specialized in cross-presenting exogenous antigens to CD8+ T cells. Upon activation, 
all DC subsets migrate to the T cell area of the spleen 20. The development of CD8+ DCs is 
highly dependent on Batf3 since mice that do not express this transcription factor show a 
specific reduction of CD8+ DCs and have defects in the generation of CD8+ T cell responses 
to viruses and tumors 21. Recently, chemokine receptor XCR1 was shown to be exclusively 
expressed by CD8+ DCs, which allows these cells to migrate towards XCL1 22,23. XCL1 is 
produced upon activation by CD8+ T cells 23, Th1 polarized CD4+ T cells and NK cells 24. 
However, the specific role of XCL1 in immune responses is not clear. 

In this study we have investigated the mechanism of CD169+ macrophage and CD8+ 
DC interaction in murine spleens. Using Batf3-\- mice, which lack CD8+ DCs, we were able 
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to show that CD8+ DCs were crucial for initiating T cell responses upon antigen targeting 
to CD169+ macrophages. We observed XCL1 production in the spleen after immunization 
that was dependent on the presence of macrophages in the marginal zone and was 
produced by splenic NK cells. This suggests that NK activation by CD169+ macrophages 
could induce specific CD8+ DC migration. Furthermore, we observed a role for CD169 
in this process. We could show preferential binding of CD169 to CD8+ DCs. In addition, 
functional CD169 was necessary for the activation of T cells after antigen targeting to 
CD169+ macrophages. Taken together, our data show that T cell responses initiated by 
CD169+ macrophages are dependent on CD8+ DCs, the presence of functional CD169 and 
the production of XCL1 by NK cells, and indicate an important collaboration between 
CD8+ DCs and CD169+ macrophages in the activation of T cells.

Materials and Methods
Mice 
Batf3 knockout mice were obtained from the Jackson Laboratory (Bar Harbor, USA). 
SnW2QR97A mice contain two mutations in amino acids required for sialic acid recognition: 
the tryptophan at position 2 is converted into glutamine and the arginine at position 97 is 
replaced by alanine 5. These mutations hamper the recognition of sialylated residues via 
CD169. SnW2QR97A mice were back-crossed for 8 generations onto C57BL/6 mice. C57Bl/6 
mice were purchased from Charles River Laboratories, (Maastricht, The Netherlands). 
All animals were housed under SPF conditions and were age and sex-matched. All 
experiments were approved by the ethical committee of the VU University Medical Center 
and according to local and governmental regulations.

Antibodies and reagents
Antibodies against the following proteins were used: CD3ε (clone Ebio500A2), CD4 
(clone GK1.5), CD8 (clone 53-6.7), CD11a (clone M17/4), CD11c (clone N418), CD38 (clone 
90), G L7 (clone GL7), IFNγ (clone XMG1.2), NKp46 (clone 29A1.4) (all from eBioscience; 
San  Diego,  CA) and NK1.1 (clone PK136; BD Pharmingen). The antibody against XCL1 
was a kind gift from R. Kroczek. Anti-CD169 (clone Ser4) was purified from hybridoma 
cultures. Kb-OVA257-264 Dexamers to identify Kb-OVA257-264 specific CD8+ T cells were obtained 
from Immudex (Copenhagen, Denmark). 

Preparation of mAb-OVA conjugates 
Conjugates were prepared using a two step coupling chemistry. Briefly, purified rat 
IgG2a antibodies anti-CD169 (MOMA-1), anti-DEC205 (NLDC145), and isotype control 
(R7D4) that recognizes an idiotypic determinant on mouse B cell lymphoma that is 
not present in wild type mice (38C13) were activated with the crosslinker succinimidyl-
4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC, Pierce). LPS free ovalbumin 
(OVA, Seikagaku) proteins were functionalized with N-succinimidyl S-acetylthioacetate 
(SATA, Pierce). After removal of excess reagent and deacetylation of SATA, antibodies were 
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conjugated with 5 equivalents (molar ratios) of OVA protein. Unconjugated ovalbumin 
protein was removed by gel filtration using Superdex 200 column (Amersham, UK).

Immunizations and detection of T- and B cell responses
Mice were immunized using 1 µg mAb-OVA complex in the presence of 25 µg αCD40 
(1C10) and 25 µg poly I:C as adjuvant. Nine days after immunization, spleens were 
harvested and single cell suspensions were obtained by mashing spleens through a cell 
strainer. Splenocytes were restimulated for 5 hours at 37°C/5%CO2 in the presence of 
brefeldin A (Golgi plug, BD Pharmingen) and OVA257-264 peptide (100 ng/ml) for CD8+ T cell 
stimulation. For detection of OVA specific CD4+ T cells, splenocytes were restimulated for 
16-18 hours in the presence of OVA262-276 (100 µg/ml) followed by a 5 hour restimulation 
with brefeldin A (Golgi plug, BD Pharmingen). Cells were blocked with 2.4G2 supernatant 
and stained for CD11a and CD4 or CD8. For intracellular IFNγ staining, cells were fixed 
in PBS containing 2% paraformaldehyde, and stained in PBS supplemented with 0.5% 
BSA and 0.5% saponin. For the detection of OVA specific GC B cells, splenocytes were 
stained using GL7, B220, CD38 and OVA-488. Cells were analyzed with a Cyan ADP flow 
cytometer (Beckman Coulter, Woerden, The Netherlands). Data analysis was performed 
using FlowJo 9.2 (Tree Star). B cell responses were assessed by anti-OVA antibody ELISA. In 
brief, high binding 96 well plates (Nunc Maxisorp) were coated with 5 μg/ml OVA (Sigma-
Aldrich), and blocked with 1% BSA in PBS. Serial dilutions of serum in 1% BSA/PBS were 
incubated for 2 hours at room temperature. Detection was achieved using polyclonal 
rabbit anti-mouse Ig-HRP (Dako). 

Spleen digestion
Spleens were digested with 1 WU/ml liberase TL (Roche Diagnostics GmbH, Mannheim, 
Germany) plus 4 µg/ml lidocaïne at 37°C for 5-15 minutes while continuously stirring. Cells 
were incubated for an additional 10 minutes at 4°C with RPMI medium containing 10% 
FCS, 2% penicillin-streptomycin, 2% L-glutamine, 10 mM EDTA and 20 mM Hepes while 
stirring. Red blood cells were lysed by incubation with 1 ml ACK lysis buffer (0,15M NH4Cl, 
10 mM KHCO3 0.1 mM Na2EDTA at pH 7.2–7.4) for 1 minute at room temperature. Non-
digested fragments were removed by filtration after which the single cell suspension was 
used for staining or restimulation. 

CD169-Fc binding to splenocytes
CD169-Fc fusion protein which consists of the first three immunoglobulin domains of 
CD169 fused to the Fc part of human IgG1 was used to determine CD169-Fc binding to 
splenocytes 25. 100 ng CD169-Fc was preincubated for 1 hour with anti-human IgG Fc-488 
(Invitrogen) at 4°C while shaking. A ratio of 100 ng CD169-Fc to 1:40 anti-Fc was used per 
staining. To determine binding specificity, splenocytes were treated with sialidase (from 
vibrio cholerae, 1U/ml, Roche) at a dilution 1:15 or left untreated for 1 hour at 37°C. After 
washing twice with medium containing 10% FCS, CD169-Fc binding was performed for 



Chapter 592

5

1 hour on ice. Subsequently, cells were stained for CD11c, CD8, and CD4 or CD3, CD4, CD8 
and NK1.1 and analyzed with a Cyan ADP flow cytometer (Beckman Coulter, Woerden, 
The Netherlands). Data analysis was performed using FlowJo 9.2 (Tree Star).

Macrophage depletion and detection of XCL1 production upon adjuvant injection
Macrophages were depleted by intravenous injection with clodronate loaded liposomes 
as previously described 39. 8 days after depletion, mice were immunized with indicated 
mAb-OVA complexes plus 25 µg αCD40 Ab (1C10) and 25 µg poly I:C and were sacrificed 
after 2, 5 or 6 hours. Spleen parts were either used for RNA isolation (described below) 
or digested as described above. Digested splenocytes were incubated with brefeldin A 
(Golgi plug) for 5 hours after which XCL1 production was detected using intracellular FACS 
staining. Cells were stained for extracellular CD169, CD3, CD8, NK1.1 and NKp46 prior 
to intracellular XCL1 staining was performed. Cells were analyzed with a Cyan ADP flow 
cytometer (Beckman Coulter, Woerden, The Netherlands). Data analysis was performed 
using FlowJo 9.2 (Tree Star).

RNA isolation, cDNA synthesis and qPCR
Spleen parts were homogenized in TRIzol reagent (Invitrogen Life Technologies, Breda, 
the Netherlands) and mRNA was isolated by precipitation with isopropanol. cDNA was 
synthesized using ReverAid First Strand cDNA Synthesis Kit (Fermentas Life Sciences, 
Vilnius, Lithuania) according to manufacturers’ protocol. Real time PCR was performed 
using SYBR Green Mastermix (PE Applied Biosystems, Foster City, CA) on an ABI Prism 
7900HT Sequence Detection System (PE Applied Biosystems Foster City, CA). A standard 
curve was generated using pooled lymph node tissue to correct for primer efficiency. The 
following primers were used: HPRT Fw: 5’-CCTAAGATGAGCGCAAGTTGAA-3’, HPRT Rev: 
5’-CCACAGGACTAGAACACCTGCTAA-3’, XCL1 Fw: 5’-AGACTTCTCCTCCTGACTTTC-3’, XCL1 
Rev: 5’-TCGCTGCTTTCACCATTTG-3’, CCL19 Fw: 5’-ATGCGAAGACTGCTGCC-3’, CCL19 Rev: 
5’-AGCGGAAGGCTTTCACGAT-3’, CCL21 Fw: 5’-GCTGCAAGAGAACTGAACAGACA-3’, CCL21 
Rev: 5’-CGTGAACCACCCAGCTTGA-3’.

Immunofluorescence histology
Spleens were embedded in O.C.T. TM medium (Tissue-Tek, Sakura) and frozen at -80°C 
until further use. Cryosections (5 μm) were collected on gelatine coated glass slides and 
were fixed in dehydrated acetone for 2 minutes and air-dried. Sections were blocked with 
5% mouse serum in PBS prior to antibody staining. Sections were embedded in a mixture 
of polyvinylalcohol and glycerol, supplemented with DAPI (Invitrogen) and analyzed on 
a Leica DM6000 fluorescence microscope (Leica Microsystems, Netherland b.v., Rijswijk, 
The Neterlands). 

Statistical analysis
Statistical significance was tested using GraphPad Prism 4 (La Jolla, CA) by performing a 
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two-tailed Student’s T-test or ANOVA with Bonferroni’s correction as indicated. P<0.05 
was considered to be significant. 

Results
CD169+ macrophages and CD11c+ DCs are located in close proximity in the spleen
Our previous studies have demonstrated antigen transfer between CD8+ dendritic cells 
(DCs) and CD169+ macrophages in the spleen 17. However, the mechanism behind this 
antigen transfer has not been studied yet. Given the rather static position of CD169+ 
macrophages in the marginal zone and the location of DC subsets in the spleen, we 
wondered if and where physical contact between the two cell types could occur. For 
this, cryosections from spleen were stained for CD11c+ DCs and CD169+ macrophages. 
We could show the presence of substantial numbers of DCs in the marginal zone of the 
spleen, in close proximity to CD169+ macrophages (figure 1). In addition DCs were present 
in the T cell zone and in the red pulp. These results support the possibility of antigen 
transfer of CD169+ macrophages towards DCs upon adjuvant injection.

CD8+ DCs are essential for CD8+ T cell responses upon antigen targeting to CD169+ 
macrophages
Next, we wanted to establish if CD8+ DCs were necessary for the induction of CD8+ T cell 
responses after antigen targeting to CD169+ macrophages. CD8+ DCs, which are 
specialized in initiating CD8+ T cell responses upon uptake of exogenous antigens, are 

Figure 1. CD169+ macrophages and DCs are located in close proximity in the spleen. 
Immunofluorescence images of WT spleen sections stained for CD169+ macrophages (green) and 
CD11c+ DCs (red). (A) Enlargement 10x. (B) Enlargement 20x of indicated region. Arrowheads indicate 
areas where CD11c+ DCs and CD169+ macrophages are in close proximity. Pictures are representative 
of at least 5 mice analyzed.

B.
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A. Ser4 CD11c
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absent in Batf3  KO mice, while other DC subsets and CD169+ macrophages are not 
affected in the absence of this transcription factor (21 and figure 2A). WT and Batf3 KO 
mice were immunized using mAb:OVA complexes in the presence of adjuvant (αCD40 
and poly I:C). Targeting of OVA to CD169+ macrophages by injection of αCD169:OVA was 
compared to OVA targeting to CD8+ DCs using αDEC205:OVA, and control rat IgG:OVA 
complexes. Nine days after immunization, the presence of IFNγ producing CD8+ or CD4+ 
T cells was investigated using intracellular cytokine flow cytometry after restimulation 
with H-2Kb restricted OVA257–264 epitope and I-Ab restricted OVA262-276. In WT mice, strong 
OVA-specific CD8+ and CD4+ T cell responses were detected after targeting OVA to CD169+ 

Figure 2. T cell responses after targeting to CD169+ macrophages depend on CD8+ DCs. (A) Spleens 
of WT or Batf3 KO mice were stained for CD169+ macrophages (green), CD11c+ DCs (red) and B220+ 
B cells (blue). Representative pictures of 4 mice analyzed. (B-E) WT or Batf3 KO mice were immunized 
with 1 µg of the indicated antibody:OVA complex in the presence of Poly I:C and anti-CD40. (B) 9 days 
after immunization the percentage of CD11a+CD8+IFNγ+ T cells of total CD8+ T cells was determined after 
ex vivo restimulation with OVA257-264. (C) The percentage of CD11a+CD4+IFNγ+ T cells of total CD4+ T cells 
was determined after 16-18 hours of ex vivo restimulation with OVA262-276 peptide and 5 hours incubation 
with brefeldin A. (D) The percentage of CD11a+CD8+ H-2Kb-OVA257-264 dexamer+ of the of total CD8+ T cells 
is depicted. (E) The relative abundance of OVA specific GC B cells was depicted as percentage of live, 
non-autofluorescent GC B cells (B220+CD38lowGL7+OVA+). (F) OVA specific antibody response in serum of 
immunized WT or Batf3 knockout mice. Depicted is the OD at 450 nm of 1:900 diluted serum. Data are 
shown as mean + SEM and are obtained from 1 experiment with 4 mice per group. *P<0.05, **P<0.01, 
***P<0.005, ANOVA with Bonferroni’s correction.
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macrophages as well as after targeting to DEC205+CD8+ DCs. As expected, CD4+ and CD8+ 
T cell responses were completely abrogated when OVA was targeted to DEC205+CD8+ 
DCs in Batf3 KO mice. Interestingly, OVA targeting to CD169+ macrophages did not 
result in detectable CD4+ and CD8+ T cell responses in Batf3 KO mice (figure 2B and 2C). 
OVA specific CD8+ T cells were completely absent in Batf3 KO mice as determined by 
intracellular IFNγ staining (figure 2B) as well as by binding with H-2Kb-OVA257-264 dexamers 
(figure 2D). Also 28 days after immunization, Batf3 KO mice did not show CD4+ or CD8+ 
T cell responses upon immunization with αCD169:OVA (data not shown). These data 
indicate that upon antigen targeting to CD169+ macrophages, CD8+ DCs are crucial for 
the subsequent induction of CD8+ T cell responses.

Next to T cell responses, we also studied B cell responses after antigen targeting to 
CD169+ macrophages. Recently, we observed a strong induction of T cell dependent anti-
OVA antibody production upon antigen targeting to CD169+ macrophages (Veninga et al., 
manuscript in preparation). Therefore, we analyzed OVA-specific germinal center B cells 
and anti-OVA antibody titers in serum of Batf3 KO mice and compared these to WT mice. 
In contrast to T cell responses, intact B cell responses were observed when OVA was 
targeted to CD169+ macrophages in the absence of CD8+ DCs. Unexpectedly, the germinal 
center B cell reaction remained intact after targeting of OVA to DEC205+CD8+ DCs in Batf3 
KO mice (figure 2E). Anti-OVA antibody titers were also detected at similar levels in WT 
and Batf3 KO mice (figure 2F). Since moderate DEC205 expression has been observed 
on B cells, DEC205:OVA complexes may directly activate B cells in the absence of CD8+ 
DCs 26. Taken together, these results show that CD8+ DCs are essential for generation of 
CD4+ and CD8+ T cell responses when antigens are targeted to CD169+ macrophages. In 
contrast, B cell responses appeared not to be dependent on the presence of CD8+ DCs.

XCL1 expression is increased upon adjuvant injection
XCR1 is a chemokine receptor only expressed by CD8+ DCs 23. We postulated that the 
XCL1-XCR1 ligand-receptor pair was involved in the interaction between CD8+ DCs and 
CD169+ macrophages upon adjuvant injection. XCL1 expression was determined in 
spleens of mice injected with poly I:C and anti-CD40. Increased XCL1 mRNA expression 
was observed as early as 2 hours after adjuvant injection (figure 3A, black bars). This 
remained elevated until at least 6 hours after adjuvant injection. Interestingly, when 
macrophages from the marginal zone were depleted prior to adjuvant injection using 
clodronate loaded liposomes, no increase in XCL1 expression was observed (figure 3A, 
white bars). CCL19 and CCL21 are known to mediate DC migration into the T cell zone 
in the spleen after activation 27. CCL19 and CCL21 mRNA expression levels in the spleen 
were not affected by adjuvant injection or by macrophage depletion (Figure 3A). These 
data suggest that XCL1 production is dependent on the presence of macrophages in the 
marginal zone but CCL19 and CCL21 production is not. 

XCL1 is expressed by various immune cells in the spleen such as T cells and NK cells 28. 
Since macrophages in the marginal zone need to be present for XCL1 production we 
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wanted to determine whether CD169+ macrophages also produce XCL1. We injected mice 
with poly I:C and anti-CD40. Splenocytes were isolated 4 hours after adjuvant injection 
and cultured in vitro in the presence of Golgi plug for the detection of XCL1 via flow 
cytometry. We did not detect XCL1 in CD169+ macrophages upon adjuvant injection. 
Instead, XCL1 was predominantly produced by NK cells in the spleens of mice injected 
with poly I:C and anti-CD40 (Figure 3B). Together, these data indicate a role for NK cells in 
mediating the transfer of antigens between CD169+ macrophages and CD8+ DCs via the 
production of XCL1 which will specifically attract CD8+ DCs. Although, as inferred from 
the depletion experiments, macrophages did not produce XCL1 themselves, they were 
necessary for the production by NK cells. 

Splenic CD8+ DCs express ligands for CD169
CD169 consists of 17 Ig-like extracellular domains but with a short transmembrane 
signaling motif. Therefore, it has been postulated that CD169 plays a role in cell-cell 
contact, rather than signaling 5,29. To determine whether CD169 itself could stimulate 
interaction between CD169+ macrophages and CD8+ DCs, we determined if CD8+ DCs 
express ligands that allow CD169 to bind to these cells. For this, a soluble chimeric form 
of CD169 in which the first three extracellular domains were fused to the hinge and 
constant domain of human IgG1 30 was used to bind to different DC subsets. We observed 

Figure 3. XCL1 expression by NK1.1+ cells is increased upon adjuvant injection and depends on 
the presence of macrophages. (A) Control mice or mice injected with clodronate liposomes (Cl) 8 
days prior to the experiment were injected with 25 µg poly I:C and anti-CD40 (adjuvant (Adj.)) for 2 or 6 
hours. XCL1, CCL19 and CCL21 mRNA expression was determined relative to HPRT by quantitative PCR 
on total spleen homogenates. (B) Splenocytes of controle mice (black line) and mice that were injected 
with adjuvants (grey line) were incubated ex vivo with brefeldin A where after intracellular XCL1 protein 
expression was determined by flow cytometry. Indicated cell populations were gated as follows: CD169+ 
cells: autofluorescent+ CD169+, NK1.1 cells: CD3-NK1.1+NKp46+, CD8+ T cells: CD3+CD8+, or CD8- T cells: 
CD3+CD8- cells. Data are shown as mean + SEM and are obtained from 1 experiment with 3 or 4 mice 
per group. *P<0.05, ***P<0.005, ANOVA with Bonferroni’s correction.
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Figure 4. CD169 preferentially binds to CD8+ DCs in a sialic acid dependent manner. (A) Representative 
FACS plots showing CD169-Fc binding to indicated populations. Grey histograms show sialidase treated 
cells. Upper panel was gated for live non-autofluorescent CD11chighCD4+, CD11chighCD8+ or CD11chighCD4-

CD8- cells. Lower panel shows CD169-Fc binding to live non-autofluorescent CD11c-NK1.1+, CD11c-CD4+ 
or CD11c-CD8+ cells. (B) Mean fluorescent intensity of CD169 for DC subsets is shown. Data are shown 
as mean + SEM and are obtained from 2 experiment with 5 replicates per group. ***P<0.005, ANOVA 
with Bonferroni’s correction.

CD169-Fc binding to all DC subsets present in the spleen. This binding was sialic acid 
dependent since sialidase treatment blocked the interaction. Furthermore, CD169 did 
only bind a small fraction of NK cells, and no CD4+ T cells and CD8+ T cells (figure 4A, 
bottom panel). Interestingly, higher CD169 binding was detected on CD8+ DCs compared 
to CD4+ and DN DCs (figure 4B). This indicates that CD169 preferentially binds to CD8+ 
DCs and that this binding could facilitate the interaction between CD8+ DCs and CD169+ 
macrophages. 

Expression of functional CD169 is required for the generation of CD4+ and CD8+ 
T cell responses after antigen targeting to CD169+ macrophages
To investigate the relevance of functional CD169 binding to sialic acids for the generation 
of immune responses upon antigen targeting to CD169+ macrophages, we determined 
T - and B cell responses in SnW2QR97A mice 5. SnW2QR97A mice express a mutated form of CD169, 
which is not able to bind sialic acid. After immunization with mAb:OVA complexes that 
specifically target to CD169+ macrophages or DEC205+CD8+ DCs, we detected a significant 
reduction in OVA-specific IFNγ producing CD8+ T cells upon antigen targeting to CD169+ 
macrophages in SnW2QR97A mice when compared to wild type mice (figure 5A). OVA-specific 
CD4+ T cell responses were also decreased in SnW2QR97A mice, while germinal center B cell 
responses and anti-OVA antibody titers remained intact (figure 5B, 5C and 5D). Together, 
these data suggest that a CD169 dependent interaction between CD169+ macrophages 
and CD8+ DCs is needed for the generation of CD8+ and CD4+ T cell responses upon 
antigen targeting to CD169+ macrophages while B cell responses are generated in a 
CD169 independent fashion.
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Discussion
The CD169+ macrophages in the secondary lymphoid organs continuously scan lymph 
fluid and blood for passing pathogens and have been shown to be crucial in the induction 
of an innate immune response to both bacterial 31 and viral 32 pathogens. Recent 
literature shows a role for the sialic acid binding lectin CD169 in the uptake of bacteria 9 
and viruses use CD169 to mediate entry into CD169+ macrophages 11,12. Furthermore, 
in contrast to other macrophage subtypes, CD169+ macrophages allow viral replication 
upon internalization. This ensures the presence of sufficient antigen for the initiation 
of adaptive immune responses 13. Previously, we showed that when antigens are 
targeted to CD169+ macrophages, these are transferred to CD8+ DCs via which CD8+ T cell 
responses are initiated 17. Thus, antigen transfer between CD169+ macrophages and 
CD8+ DCs is important for the activation of adaptive immune responses. Here, we report 
on two molecular mechanisms that are involved in the collaboration between CD169+ 
macrophages and CD8+ DCs that are necessary for the induction of T cell responses.

To enable antigen transfer between CD169+ macrophages and CD8+ DCs, both cells 
need to be in close contact. We have previously shown that chemokine receptor signaling 

Figure 5. Decreased T cell, but not B cell, responses in SnW2QR97A mice when targeting to CD169+ 
macrophages. WT or SnW2QR97A mice were immunized with 1 µg of the indicated antibody:OVA 
complex in the presence of Poly I:C and anti-CD40. (A) 9 days after immunization the percentage of 
CD11a+CD8+IFNγ+ T cells was determined of total CD8+ T cells after ex vivo restimulation with OVA257-264. 
(B) The percentage of CD11a+CD4+IFNγ+ T cells of total CD4+ T cells was determined after 16-18 hours 
of ex vivo restimulation with OVA262-276 peptide followed by 5 hours incubation with brefeldin A. (C) The 
relative abundance of OVA specific GC B cells was depicted as percentage of live, non-autofluorescent 
GC B cells (B220+CD38lowGL7+OVA+). (D) OVA specific antibody response in serum of immunized WT or 
SnW2QR97A knockout mice. Depicted is the OD at 450 nm of 1:8100 diluted serum. Data are shown as 
mean + SEM and are pooled from 3 experiments each with 4 mice per group. **P<0.01, ANOVA with 
Bonferroni’s correction.
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is essential for the induction of T cell responses upon antigen targeting to CD169+ 
macrophages 17. CD8+ DCs specifically express XCR1, which allows them to migrate to 
XCL1 produced by CD8+ T cells 23, Th1 polarized CD4+ T cells and NK cells 24. In this study, 
we demonstrate that the in vivo production of XCL1 upon adjuvant injection is dominated 
by NK cells. This observation suggests that NK cells may play an essential role in the 
attraction of CD8+ DCs via the production of XCL1. 

In steady state, NK cells are mainly present in the red pulp area of the spleen 33. 
Recent literature shows that upon peripheral viral infection, NK cells migrate to the 
subcapsular sinus of the draining lymph nodes where they interact with CD169+ 
macrophages. This migration is dependent on the presence of CD169+ macrophages. 
Furthermore, IFN type I signaling, and the expression of the chemokine receptor CXCR3 
on NK cells and its ligands CXCL9, CXCL10 and CXCL11 mediate this migration 15,34. 
Interestingly, we also detect high splenic production of type I IFN and CXCL10 early after 
immunization that is dependent on the presence of macrophages in the marginal zone 
(Veninga et al. manuscript in preparation). We therefore postulate that upon activation, 
for example by a viral pathogen or adjuvant, CD169+ macrophages produce chemokines 
that attract NK cells to the marginal zone. Interaction between CD169+ macrophages and 
NK cells will lead to NK cell activation and XCL1 production that in turn attracts CD8+ 
DCs. The subsequent interaction between CD169+ macrophages and CD8+ DCs results 
in antigen transfer and the activation of T cell responses. Our hypothesis indicates that 
NK cells facilitate the transfer of antigens from CD169+ macrophages to CD8+ DCs via the 
production of XCL1 and thereby enable adaptive immune responses. Further research 
will reveal whether this proposed order of events is an accurate reflection of the complex 
interactions between the multiple cell types involved in innate and adaptive immunity.

Our previous studies that show antigen transfer between CD169+ macrophages 
and CD8+ DCs, suggest that an interaction between these cells is required. It has been 
postulated that CD169 is rather a cell-cell contact receptor than a signaling receptor 
because of its short cytoplasmic motif 29. Previous reports showed a CD169-dependent 
interaction between CD169+ macrophages and other cell types such as neutrophils, blood 
leukocytes, lymphocytes and thymocytes 25. Here, we observed preferential binding of 
recombinant CD169 to CD8+ DCs in the spleen. Furthermore, functional CD169 binding to 
sialic acids was essential for the initiation of CD8+ T cell responses upon antigen targeting 
to CD169+ macrophages, since we observed decreased CD8+ T cell responses in mice 
expressing a mutated form of CD169. This suggests that CD169 binding to CD8+ DCs 
is essential for the induction of CD8+ T cell responses. Whether antigen transfer from 
CD169+ macrophages to CD8+ DCs is decreased in mice harboring the mutated variant of 
CD169 remains to be elucidated. 

CD169 is characterized by its specific binding to sialic acids attached to the terminal 
regions of cell-surface glycoconjugates 35-37. Several candidate molecules that are 
specifically expressed by CD8+ DCs, are highly sialylated and therefore could facilitate 
this interaction. For example CD24, which is highly expressed by CD8+ DCs, interacts with 
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sialic acid binding lectins in neurons 38. Further research is required to determine possible 
binding partners of CD169 that facilitate the interaction between CD169+ macrophages 
and CD8+ DCs in vivo.

In conclusion, our studies report a mechanism via which adaptive immunity is 
initiated upon antigen uptake by CD169+ macrophages. CD8+ DCs are attracted to CD169+ 
macrophages by XCL1 producing NK cells. This interaction, presumably via CD169-ligand 
interactions, allows antigen transfer from CD169+ macrophages to CD8+ DCs, which will 
consequently initiate T cell responses. The mechanism presented in this paper provides 
relevant insight on how strong adaptive immune responses are induced by CD169+ 
macrophages in the spleen. Targeting these cells for the development of antitumor or 
viral vaccination is therefore an attractive strategy.
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Supplemental information

Figure S1. SnW2QR97A mice contain CD169+ macrophages that can bind CD169-specific Ab. Spleens 
of WT or SnW2QR97A mice were stained for CD169+ macrophages with two CD169-specific antibodies (Ser4 
and Moma-1). Right panel shows overlays of Ser4 in green and Moma-1 in blue. Representative pictures 
of 3 mice analyzed.
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