VRIJE
UNIVERSITEIT
° AMSTERDAM

VU Research Portal

Function and homeostasis of murine splenic dendritic cell subsets
Backer, R.A.

2009

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Backer, R. A. (2009). Function and homeostasis of murine splenic dendritic cell subsets. [PhD-Thesis -
Research and graduation internal, S.L.]. s.n.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 13. Mar. 2024


https://research.vu.nl/en/publications/d2fcde76-a2f5-45c3-bae7-3feb2e59436b

CHAPTER

GENERAL DISCUSSION

Summary and Perspectives

Antigen-presentatioh

Marginal zone

MUNE SYSTEM

e~
“9
X

o™ n
- —_— \1‘\(\)5

SIRP
\ 6 .':_::.' 2 Aoz
nM;, , % S
- gr, sy . g
e




Summary and perspectives

146



6.1 SUMMARY

The immune system protects us from harmful micro-organisms and
tumor cells. In the immune system, dendritic cells (DCs) are specialized
Ag-presenting cells that have a dominant role in the initiation of T cell
responses. For this, DCs present intracellular Ags in MHC class I molecules
to CD8* T cells or extracellular Ags in MHC class II to CD4* T cells,
respectively. Next to these two classical Ag-presentation pathways, DCs
are also able to cross-present extracellular Ags in the context of MHC
class I to CD8* T cells. This cross-presentation pathway is important
for the generation of primary CD8* T cell mediated responses against
Ags that are not produced by the presenting DC itself, e.g. cell-specific
viruses and tumor cells, which could otherwise not be presented to naive
CD8* T cells.

DCs form a heterogeneous population in the mouse spleen. Splenic
DCs can be subdivided into CD8* and CD8 DC subsets with different
phenotype and localization. The specific localization of CD8* DCs in the
white pulp and of CD8- DCs in the marginal zone (MZ) is regulated by
chemokines, CCR7 and S1P*>. In spleen, the CD8" DC subset specifically
expresses SIRPa, which is a cell surface glycoprotein expressed by
myeloid cells that was shown to be involved in migration of several
cell types®®. We showed that in the absence of functional SIRPa in
SIRPa-A87 mutant mice the number of CD8  DCs in spleen is strongly
reduced (chapter 2). Furthermore, SIRPa is involved CD8  DC migration
by regulating integrin-mediated cell adhesion. CD8 DCs derived from
SIRPa-A87 mutant mice express lower levels of MMP-9 and MMP-12 and
are less mature in phenotype as compared to SIRPa-wt derived CDS8-
DCs. The study described in chapter 2 suggests that SIRPa plays an
important role in the migration, the localisation and the homeostasis of
CD8- DCs in vivo.

Next to differences in their homeostatic regulation splenic DC
subsets also display different capacities to activate T cells. CD8* DCs are
described as the cross-presenting DCs involved in CD8* T cell activation,
while CD8- DCs are mainly involved in CD4* T cell activation. In chapter 3
of this thesis, we describe that yeast is efficiently cross-presented both in
vivo and in vitro. Interestingly, CD8 DCs preferentially cross-presented
the yeast-derived Ags thereby launching a CD8* T cell response, while
both splenic DC subsets were able to present yeast-derived Ags in the
context of MHC class II to CD4* T cells®. Since both DC subsets equally
well phagocytosed yeast in a dectin-1 dependent manner, the observed
differences in cross-presentation and cytokine production between the



subsets after stimulation with yeast could not be explained by differential
uptake of yeast. These results strongly indicate that CD8* and CD8- DCs
are specialized with respect to their differential capacities to activate
naive CD4+ or CD8* T cells in response to stimulation with yeast.

Efficient Ag-presentation is the main function of DCs in an organism.
It has been shown that NADPH oxidase (NOX2) mediated ROS production
in the phagosome is important for efficient cross-presentation, since
ROS production controls the phagosomal pH and thereby the breakdown
of Agst%il, We therefore investigated in chapter 4 whether differences
in ROS production between DC subsets might cause the differences in
Ag-presentation capacities. CD8 DCs show higher mRNA expression of
NOX2 subunits and are more efficient in total ROS production after PMA
and yeast stimulation as compared to CD8* DCs. In addition, inhibition
of ROS by the chemical compound apocynin reduced the in vitro capacity
of splenic DCs to cross-present yeast-derived Ags. Taken together these
data suggest that the differential Ag-presentation capacities of splenic
CD8* and CD8 DCs could result from differentially regulated ROS
production and its influence on Ag-presentation.

DCs phagocytose as well as endocytose Ags for efficient presentation
to T cells. We observed in chapter 5 that CD8* DCs acquire Ags from
Mo for cross-presentation. Marginal metallophilic macrophages (MMMs)
specifically transfer targeted Ags to CD8* but not to CD8 DCs. The
transfer of Ags between MMMs and CD8* DCs can either result in T cell
activation or T cell tolerance, depending on the use of an adjuvant. Since
we could not observe migration of MMMs out of the MZ, we suggest that
DCs migrate through the MZ and thereby acquire Ags form MMMs. This
study is the first in assigning an important role to MMMs in the induction
of primary CD8* T cell responses.

Based on the data presented in this thesis we conclude that, although
CD8* and CD8" DCs are closely related in their origin, their homeostasis
and Ag-presentation capacities are differentially regulated. Analysis of
the T cell stimulation capacities of splenic DC subsets indicates functional
specialization of CD8* and CD8" DCs in the elicitation of adaptive immune
responses in vivo.

6.2 THE IMPORTANCE OF SPLENIC ARCHITEC-
TURE FOR DC HOMEOSTASIS

CD8* DCs are mainly found in the T cell areas of the white pulp and
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|Figure 1| DC migration and differentiation in the spleen.

(A) DCs originate from CD34* hematopoietic stem cells (HSC) in the bone marrow (BM).
These HCS migrate via blood vessels to the spleen. (B) In the spleen, pre-DCs leave the
blood in the marginal zone (MZ), which is surrounding the white pulp (WP), and undergo
final maturation into CD8*+ and CD8- DCs. (C) CD8* DCs migration into the T cell zone within
the white pulp is regulated by CCR7 and its ligands CCL19 and CCL21. (D) CD8" DCs mi-
grate into the MZ and bridging channels, connecting the white pulp with the red pulp. This
migration requires ICAM and MAdCAM mediated cell adhesion, which is regulated by the cell
surface receptor SIRPa on CD8  DCs. Once located in the MZ, CD8" DCs are interacting with
stromal cells and marginal zone B cells (MZB). These interactions include LTaf- and NOTCH
signaling, which are required for optimal CD8- DC survival and homeostasis in the MZ.

MZ, while CD8" DCs localize in the splenic MZ and bridging channels?-t>,
The data presented in chapter 2 show that defects in SIRPa signaling
results in the absence of CD8 DCs in the spleen, whereas CD8* DCs
were not affected. Since SIRPa is involved cell adhesion and migration,
we hypothesize that SIRPa indirectly influences CD8- DC survival in the
spleen (Figure 1). DCs are generated from hematopoietic stem cells in
the bone marrow and arrive as pre-DCs in the spleen. Locally, these
pre-DCs undergo final differentiation into CD8* and CD8" DCs%'7. ICAM-
and MAdCAM-mediated interactions and transmigration through the
endothelium are required for CD8" DCs to migrate into MZ>. Once arrived
in the MZ, positioning of these CD8  DCs depends on S1P>. Subsequently,
CD8- DCs receive survival signals including LTaf3 and Notch signaling from
stromal cells and MZ B cells'®. In the absence of SIRPa, CD8 DCs show
reduced ICAM- and MAdCAM-mediated adhesion, reduced migration
through endothelium, and reduced expression of MMPs, suggesting that
CD8" DCs in SIRPa mutant mice will not reach the MZ. Therefore, those
CD8- DCs might not reach the required survival signals in the MZ, as
indicated by the reduced RELb expression. Taken together these data



could explain the observed reduction in CD8 DC number in spleens of
SIRPa mutant mice.

So far, we identified a role for SIRPa in the migration of CD8- DCs
into the MZ. Once activated, CD8  DCs have to migrate further towards
the white pulp in order to encounter Ag-specific T cells. Therefore, it
would be of interest to determine the role of SIRPa in the migration of
CD8 DCs from the MZ into the WP.

CD8SIRPat DCs can also be found in other (non-) lymphoid organs,
such as skin, lymph nodes (LNs) and in the lamina propria of the intestinal
tract. For Langerhans cells (LCs), one of the DC types in the skin, it
has been described that CD47-SIRPa interaction is required for their
migration to draining LNs. CD47-deficient LCs could not cross lymphoid
endothelium and were therefore not able to enter the lymphatic system
in order to reach the draining LNs!%2°, As the function of SIRPa on DCs
has been poorly investigated to date, it is unknown whether SIRPa only
plays a role in CD8 DC migration into the spleen, or whether it is also
plays an important role in DC migration in peripheral tissues, such as
the intestine.

As SIRPa seems to be so important for CD8 DC migration and
homeostasis an intriguing question is how CD8* DCs migration and
homeostasis is regulated in the absence of SIRPa? The differential
expression of SIRPa suggests that the specific localization of CD8* and
CD8- DCs is important for splenic function, and that therefore specific
migration and homeostasis of splenic DC subsets is regulated by different
mechanisms. Further research on SIRPa is required to elucidate its role
in DC migration and homeostasis in general.

6.3 CD8" DCS PREFERENTIALLY CROSS-PRE-
SENT YEAST-DERIVED AGS

CD8* and CD8- DCs show different capacities to activate CD8* and
CD4+T cells, respectively. CD8*DCs cross-present Ags, while CD8 DCs are
specialized in Ag-presentation in the context of MHC class II molecules?!.
It has been well documented that CD8* DCs selectively cross-present
cell-associated OVA, soluble OVA, and OVA-coated latex beads??-?4. This,
however, does not mean that CD8" DCs are not able to cross-present, in
fact, in chapter 3 of this thesis we show that CD8- DCs are very well able
to cross-present yeast-OVA. Interestingly, CD8 DCs, but not CD8* DCs
were preferentially involved in the cross-presentation of these yeast-



derived Ags. In addition, only CD8  DCs produced cytokines in response
to yeast. Thus CD8 DCs are the major cross-presenting DCs for fungal
antigens. Also for bacterial Ags, such as Salmonella Ags, it has been
shown that both CD8  DCs and CD8* DCs were able to cross-present?.
Moreover, CD8 DCs are as efficient as CD8* DCs in cross-presenting
OVA-immune complexes, as long as they are activated via FCyRs?¢. The
differential capacity of CD8*+ and CD8- DC subsets to respond to certain
Ags suggests that DC subsets represent specialized routes leading to the
activation of adaptive immune responses in vivo, depending on the Ag
encountered.

6.4 REGULATION OF AG-PRESENTATION BY
DC SUBSETS

How DCs might differ in terms of T cell activation is not known. The
differences between DC subsets might involve (A) Ag-uptake, (B) Ag-
processing or (C) the Ag-presentation that subsequently lead to the
differential T cell stimulation capacities of splenic DC subsets. CD8*
and CD8" DCs differentially express Toll-like receptor subsets and other
pattern recognition receptors, like DEC205, DCIR2 and Clec9a?!?7.
Since these receptors contribute to the uptake and further intracellular
routing of Ags, their differential expression suggests that the observed
differences between DC subsets can, at least partially, be explained by
differential uptake of Ags.

Research by Dudziak et al. showed a difference between CD8* and
CD8- DCs in their expression of genes involved in MHC class I versus
class II Ag-presentation?!. This study suggests that the differential Ag-
presentation is due to DC intrinsic properties, more than to differences
between the DC specific receptors. However, the differential expression
pattern of MHC class I or class II components cannot totally explain all
the subset differences. First of all, both DC subsets express high levels
of MHC class I and II molecules on their cell surface, indicating that both
CD8* and CD8 DCs are intrinsically able to generate class I and class 11
peptides. Also the role of DC subsets in priming only CD4+ or CD8* T cells
is not that selective. Next to their role in cross-presentation, CD8* DCs
are also very important for MHC class II presentation of cellular Ag?® and
cross-presentation of immune-complexes and yeast occurred by both DC
subsets®25. Also for endogenous Ag, no differences between DC subsets
in MHC class I presentation are observed, so it is not that the expression
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| Figure 2| Differential antigen-presentation by DCsubsets depends onthe Ag source.
(A) CD8* DCs and CD8- DCs differ in their capacity to activate CD8* and CD4* T cells. CD8*
DCs are mainly involved in cross-presentation of soluble Ags, apoptotic cells and OVA-coated
beads to CD8* T cells, while CD8- DCs present these Ags in the context of MHC class II to
CD4+ T cells. Ags that are taken up by DCs, end up in phagosomes. For cross-presentation it
is important that Ags are prevented from total degradation by lysosomal proteases. For op-
timal protease activity, low pH in the phagosome is required. The NADPH oxidase NOX2 pre-
vents phagosomal acidification by the production of reactive oxygen species (ROS), thereby
controlling Ag-breakdown. In CD8* DCs, NOX2 is efficiently recruited to the phagosomes and
Ags are rescued for transport into the cross-presentation pathway, resulting in MHC class
I-peptide loading and CD8* T cell activation. On the other hand, it is suggested that NOX2 in
CD8- DCs is not recruited to the phagosomes after uptake of the Ags. Therefore, Ags are not
preserved, and only MHC class II restricted Ag-presentation is available since this pathway
is less sensitive to Ag-degradation. (B) It is hypothesized that for cross-presentation, CD8-
DCs have to be activated. Both CD8* and CD8- DCs are able to cross-present immune com-
plexes (ICs), yeast and extracellular microbes like Salmonella. For ICs and yeast it is known
that the uptake receptors, FcyR and dectin-1, respectively, are signaling via Syk, and the Syk
signaling cascade is involved in ROS production. Therefore, after encounter of certain Ags,
specific activation signals are inducing the recruitment of NOX2 to the phagosomes in both
CD8* and CD8 DCs by, allowing subsequent cross-presentation.

of MHC class I processing pathways are insufficient, but rather that the
ability to process certain Ags differs between DC subsets (Figure 2).

The differences in cross-presentation efficiencies can be explained by
thedifferential regulation of ROS production by DCsubsets. ROS, generated
by the NADPH oxidase NOX2 complex, is involved in the regulation of
protein degradation. ROS production prevents phagosomal acidification
and thereby prolonging Ag-persistence??. After Ag-stimulation, CD8* DCs
very efficiently localize their ROS production in their phagosomes thereby
improving cross-presentation!!. The phagosomal recruitment of NOX2



subunits in CD8* DCs is dependent on RAC2, in contrast to CD8- DCs,
which recruit NOX2 to their cell membrane in a RAC1 dependent manner!t,
Thereby, CD8" DCs localize their ROS production not in phagosomes but
at the cell surface for secretion (chapter 4). We hypothesized that after
stimulation specific receptors, e.g. FcyRs and dectin-1, cross-presentation
is favored in CD8- DCs by modulation and activation of cross-processing
pathways and by directing ROS to phagosomes. This hypothesis is in
line with the observation that the ITAM-based signaling pathway of FcyR
utilizes Vav for the activation of the NOX2, thereby stimulating cross-
presentation of particulate Ags?°.

The hypothesis underlying the studies described in this thesis is that,
although there is an apparent division of DC labor, the function of DC
subsets is rather flexible than static. In other words, the capacity to
activate certain T cells is not so much depending on intrinsic capacities
of DCs, but is depending on the type of Ag acquired and the subsequent
activation of DCs. This hypothesis is supported by the observations made
in chapter 3 on cross-presentation of yeast. As described, CD8 DCs are
very well capable of cross-presenting immune complexes and yeast after
uptake by Fc-receptors and dectin-1, respectively. Both receptors are
able to signal via Syk3%:3!, suggesting that activation of a Syk-Vav-RAC2-
dependent pathway in CD8- DCs might be involved in cross-presentation
of antigens via the activation of NOX2 in the phagosomes. Whereas the
cross-presentation by CD8* DCs does not depend on the presence of
the FcyR-chain, CD8 DCs lost their ability cross-present in the absence
of FcyR-chain signaling. Therefore, CD8  DCs activation seems to be
essential for their ability to cross-present, while CD8* DCs can cross-
present independently of an additional activation signal.

6.5 COLLABORATION BETWEEN MMMS AND
DCS IN T CELL ACTIVATION

As a lymphoid organ the spleen houses relatively large amounts of
B cells, T cells, Mp and DCs. All these cells are involved the induction
and regulation of immunity against invading pathogens and tumor cells.
Both M¢ and DCs efficiently take up extra-cellular Ags, but DCs are
able to elicit primary immune responses whereas M¢e are not. Previous
studies on the function of Mg in the splenic MZ established the important
role of MMMs in trapping and eliminating pathogens such as Listeria
monocytogenes and Lymphocytic choriomeningitis virus (LCMV)32:33, In



the absence of MMMs and marginal zone Mg (MZMs), these pathogens
cannot be controlled and dissemination to peripheral organs occurs
early during infection. Siglec-1 on MMMs serves also as a phagocytotic
receptor for sialyated pathogens such as Neissera meningitidis and
Porcine reproductive and respiratory syndrome virus3#3>, Another role
of MMMs is in the uptake of apoptotic cells. Apoptotic cells up-regulate
sialic acids*®-38, and are efficiently taken up via Siglec-1 and scavenger
receptors on MMM3*-41, Both the absence of type I scavenger receptors
as well as loss of splenic Mg caused loss of tolerance towards apoptotic
cells resulting in the development of autoimmunity4°.

The CD8* DC subset is the main cross-presenting DC subset. Although
recently CD8* DCs were also identified in the MZ!'5, most CD8* DCs are
located in the white pulp of the spleen. The white pulp is a secluded area
and the permeability of its conduit system is very restricted by the size
of the Ag*2. Since the CD8* DCs that are located in the MZ are poor in
Ag capture?®, large antigens may not reach CD8* DCs in the white pulp
and therefore other cell types might be necessary to deliver Ag to these
DCs. In chapter 5 we suggest a possible mechanism for CD8* DCs to
acquire large Ags in the spleen. We found that MMMs in the MZ trap Ags
and transfer these to cross-presenting CD8* DCs. We also show that
Ag-transfer between MMMs and DCs is an additional mechanism to elicit
CD8* T cell immunity and tolerance.

6.6 POSSIBLE MECHANISMS INVOLVED IN AG-
TRANSFER BETWEEN APCS

Ags have been shown to be transferred between migrating and non-
migrating DC subsets in skin*344, and the respiratory system#. In these
studies DCs migrating from peripheral tissues were not involved in T cell
activation themselves, but transferred Ag to lymph node resident CD8*
DCs. In chapter 5 we demonstrate that a similar mechanism exists in the
spleen and we are the first to show that M¢ are involved in Ag-transfer
to CD8* DCs.

CD8- DCs are located in the MZ and are thus in close proximity of
MMMs. Upon activation by TLR-ligands such as LPS, CD8 DCs migrate
from the MZ to the T cell area within the white pulp*¢-48. Therefore, CD8-
DCs could potentially be involved in the Ag-transfer process by bringing
Ags from MMMs into the white pulp to CD8* DCs. However, our studies on
sorted CD8 and CD8* DC subsets after MMMs targeting did not indicate
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|Figure 3| Antigen-transfer between marginal metallophilic macrophages and
CD8* DCs: a model.

(A) Marginal metallophilic macrophages (MMMs) are strategically located at the inner rim
of the marginal zone (MZ), surrounding the white pulp (WP) of the spleen. Most blood that
enters the spleen is running through this MZ. MMMs sample the blood for blood-borne pa-
thogens and other Ags, which are very efficiently taken up after recognition. (B) These Ags
are transported from MMMs to newly incoming CD8* DCs, which are on their way from the
blood into the WP where they reside in the T cell rich areas. (C) Once arrived in a T cell zone,
the acquired Ags are cross-presented by the CD8* DCs, resulting in CD8* T cell activation or
CD8* T cell tolerance. CD8  DCs, which are under steady state located in the MZ, are thought
not to be involved in the transfer of Ags from MMMs to CD8* DCs.

uptake of Ag by CD8  DCs. We therefore propose a scenario in which
MMMs transfer Ags to newly incoming CD8* DC precursors from the
blood that are on their way to the T cell area (Figure 3). Where CD8*
DCs, or their precursors, exactly enter the spleen is currently unknown.
Adoptively transferred DCs enter the spleen in the MZ%, where also
recirculating lymphocytes enter the spleen by leaving the blood®%>t,
This would implicate that DCs are passing MMMs on their way from the
blood into the white pulp. Reis e Sousa et al. proposed that DCs receive
their Ag in MZ bridging channels and subsequently migrate to the T cell
area. DCs matured during this migration and induced T cell activation“.
Therefore, it is tempting to speculate that CD8* DCs acquire Ags from
MMMs in a comparable way.



Also the question in which form the Ags (unprocessed Ags, peptides
or MHC class I/peptide complexes) are acquired by CD8* DCs still
needs to be answered. DCs are known to acquire Ag from live cells by
a process known as ‘nibbling’ and possibly this is involved in the Ag-
transfer between MMMs and CD8* DCs*2. On the other hand, DCs can
also sample Ags via gap junctions>3. To answer these questions, further
research is required.

6.7 FUTURE DIRECTIONS

In mice, DCs form a heterogeneous population of cells, which differ
in phenotype, localization and function. Since the amount of human
material to isolate DCs from is limited, most studies on human DCs
are performed using blood-derived DCs. These DCs, however, are not
complete representatives of all human DC subsets that could be isolated
from fresh tissue. Currently, definitive markers for the discrimination of
human DC subsets remain to be identified. DCs isolated from human
tonsils and spleen show heterogeneity in the expression of their surface
markersCD11c, CD4 and CD11b%*, suggesting thatindeed several different
DC subsets can be identified in man. Recently, a specific marker for the
human equivalent of CD8* DC has been proposed®®. However, expression
of specific DC markers and cytokine production profiles of human DC
subsets do not always resemble the murine system. Nevertheless, it is
thought that DCs from mice and man have similar basic characteristics,
therefore suggesting that data obtained by mouse studies can be
translated, at least to some extent, to the human situation.

Since DCs are potent regulators of immune responses, they are
considered prime targets for future therapeutic applications against cancer,
infectious diseases and autoimmune diseases. To date, applications
for DCs in vaccinations and immunotherapy are being developed. The
outcome of these DC targeting strategies is dependent on the recognition,
processing, and presentation of the targeted Ag. Therefore, it is of
particular importance to investigate how the ability of CD8* and CD8-
DCs to activate T cells is regulated. For the development of DC-based
vaccines, autologous DCs can be generated ex vivo from bone marrow
or blood precursors, loaded with antigenic peptides and subsequently
re-injected into the patient. Anti-tumor immune responses can also be
induced by in vivo targeting and activation of DCs specifically with mAbs
or receptor-ligands coupled to tumor-Ags 6. The different functions of
murine DC subsets in the induction of T cell responses show that subset-



specific targeting is very important for the activation of desired T cell
responses and should be taken into account in the development of new
clinical applications.

While most methods of DC targeting are based on direct targeting of
DCs, we show that indirect targeting of CD8* DCs via MMMs might be at
least as efficient in the induction of CD8* T cell responses as direct DC
targeting. Since these MMMs are very efficient in the uptake of various
potentially hazardous particles and since MMMs are able to transfer these
Ags to DCs, they could provide a very potent target for the development
of new vaccines. Certain Ags can only be cross-presented by specific DC
subsets. Targeting of these Ags to MMMs could circumvent this problem,
thereby increasing the efficiency of a vaccine. Since also Siglec-1* Mg,
representing human equivalents of the mouse MMMs, have been detected
near DEC205* DCs in human spleen®’, further studies on targeting MMMs
would be of utmost interest for the development of optimal vaccination
strategies.

6.8 CONCLUDING REMARKS

Ag-presentation by splenic DC subsets results in different T cell
responses. In this thesis, we hypothesize that cross-presentation by DCs
is tightly regulated. But why is such a regulation required? Our data
indicate that CD8- DCs are involved in preferential cross-presentation
of extracellular Ags, like Salmonella, yeast and immune complexes®2°:26,
On the other hand, CD8* DCs are important for cross-presentation of
cellular Ags. CD8* DCs are able to efficiently acquire these cellular Ags
by specific receptors. For example, uptake of virus-infected or apoptotic
cells is mediated by a recently-characterized C-type lectin Clec9a,
specifically expressed on CD8* DCs?’. CD8* DCs can also specifically
acquire Ags from MMM. In contrast to CD8- DCS, it is important that
cross-presentation by CD8* DCs is independent on the activation status
of the cell. CD8* DCs are not only important during inflammation, but
also under steady state conditions, without immune activation. Thereby
CD8* DCs control the immune balance between activation and tolerance
of CD8* T cells via cross-presentation of apoptotic cells®8-°,

By transferring Ag to CD8* DCs, M and DCs combine their specific
capacities during immune responses. Mg themselves have poor T cell
stimulatory capacities, but are efficient in uptake of many different Ags.
This highly phagocytic capacity of Mp, combined with the efficient T cell
stimulatory capacity of DCs, greatly enhances the repertoire of Ags that



can be cross-presented. This mechanism enables the adaptive and innate
immune system to rapidly interact with each other and thereby lead to
an efficient and robust response to blood-borne Ags.

Understanding how differential antigen processing by these two
DC subsets occurs, and how these DCs interact with other APCs could
have important implications for understanding how T-cell responses
are initiated in vivo, and perhaps for the design of new therapeutic
vaccines.
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