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Abstract

Dendritic cells (DCs) comprise the major antigen-presenting cells (APCs) of the host, uniquely
programmed to stimulate immunologically naive T lymphocytes. Viruses that can target and
disorder the function of these cells enjoy a selective advantage. The cellular receptor for
lymphocytic choriomeningitis virus (LCMV), Lassa fever virus (LFV), and several other
arenaviruses is a-dystroglycan (a-DG). Among cells of the immune system, CD11c* and
DEC-205* DCs primarily and preferentially express a-DG. By selection, strains and variants of
LCMV generated as quasi-species that bind a-DG with high affinity replicate in the majority of
CD11c* and DEC-205* (>75%) DCs, causing a generalized immunosuppression, and establish a
persistent infection. In contrast, viral strains and variants that bind with low affinity to a-DG
display minimal replication in CD11c* and DEC-205* DCs (<10%), rarely replicate in the white
pulp, and generate a robust anti-LCMV CTL response that clears the virus infection. Hence,
receptor-virus interaction on DCs in vivo is an essential step in the initiation of virus-induced
immunosuppression and viral persistence. Investigation into the mechanism of how virus-infected
DCs cause immunosuppression reveals loss of MHC class Il surface expression and costimulatory
molecules on surface of such DCs. As a consequence DCs are unable to act as APCs, initiate
immune responses, and have a defect in migration into the T cell area. These data indicate that
LCMV infection influences DC maturation and migration, leading to decreased T cell stimulatory
capacity of DCs, events essential for the initiation of immune responses. Because several other
viruses known to cause immunosuppression (HIV, measles) interact with DCs, the observations
noted here are likely a common selective mechanism by which viruses also are able to evade the
host s immune system.

Introduction

Viruses use a number of strategies, including escape from immune recognition or induction
of immunosuppression, to avoid immunological surveillance and thereby persist in their host
(reviewed in Borrow and Shaw 1998; Tortorella et al. 2000). The downregulation of immune
responses provides the infecting pathogens with the opportunity to maximize their chances
of survival, replication, and transmission. The generalized immunosuppression caused by
viral infection is often associated with secondary infections with unrelated viral and/or
bacterial pathogens and, as such, represents a serious clinical problem. Understanding the
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mechanisms involved in the induction of immunosuppression is therefore a crucial step for
controlling and eliminating infections caused by several viruses including important human
pathogens such as hepatitis B and C and human immunodeficiency virus (HIV). To better
understand how viruses may cause immunosuppression, we have studied this phenomenon
in an animal model system in which the noncytopathic lymphocytic choriomeningitis virus
(LCMV) infects its natural host, the mouse, and causes transient to long-lasting
immunosuppression (Oldstone 1989). In some ways, LCMV infection resembles HIV and
HIV-triggered AIDS in humans (reviewed in Hazenberg et al. 2000; Lieberman et al. 2001;
McMuichael and Rowland-Jones 2001). In this review, we focus on one of the main strategies
used by LCMV to subvert normal defense mechanisms and cause a generalized
immunosuppression: infection and interference with the functions of dendritic cells (DCs).

Initiation of an adaptive immune response to infectious agents is mediated by a class of
sentinel phagocytic leukocytes termed DCs, the primary function of which is to capture,
process, and present antigens to unprimed T cells (Ibrahim et al. 1995; Steinman 1991). DCs
are present in nonlymphoid organs such as the liver and skin in an immature state. During
the course of an infection, DCs take up and process antigen, mature, and migrate to the local
draining lymph node, where they efficiently activate both T and B cells (Banchereau and
Steinman 1998). A reduced antigen-processing capacity and an increased cell surface
expression of MHC class Il and costimulatory molecules such as B7-1 and B7-2 occurs
during the migration of DCs to lymph organs, thus making the DCs the most potent antigen-
presenting cells (APCs) in the immune repertoire (Banchereau and Steinman 1998).
Activated DCs are essential for the subsequent activation of both naive and activated T cells.
In addition, with the release of specific cytokines and chemokines, activated DCs either
directly or indirectly play a crucial role in the recruitment and/or activation of other effector
cells, including NK and NKT cells, macrophages, and B cells (Rescigno et al. 1999). In this
review, we describe the infection of DCs by LCMV in vivo and the consequence of this
infection on DC functionality.

LCMV and Immunosuppressive Variants

LCMV is the prototypic member of the family Arenaviridae, which includes important
human pathogens such as Lassa fever and Machupo, Sabia, and Junin viruses (Buckley et al.
1970; Peters et al. 1996; Southern et al., 1987). Its genome consists of two negative-strand
RNA segments, large (L) and short (S) fragments (Riviere et al. 1985; Singh et al. 1987;
Southern 1996). Each RNA segment has an ambisense coding strategy, encoding two
proteins in opposite orientations separated by an intergenic region. The L RNA encodes the
viral RNA-dependent RNA polymerase (L) (Singh et al. 1987) and a small RING finger
protein (Z) (Salvato and Shimomaye 1989). The S RNA encodes the three major structural
proteins: the nucleoprotein (NP) and the precursor polypeptide, GP-C (Wright et al. 1990),
which is processed into two products, the peripheral glycoprotein GP1 and the
transmembrane glycoprotein GP2 (Buchmeier and Oldstone 1979). These mature forms of
the glycoprotein form 5- to 10-nm-long surface projections (spikes) that are speculated to be
composed of tetramers of GP2 that serve as platforms for tetramers of GP1 (Burns and
Buchmeier 1993). The GP1 portion of the glycoprotein mediates the virus-receptor
interaction based on the fact that neutralizing antibodies are formed exclusively against GP1
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(Borrow and Oldstone 1992; Parekh and Buchmeier 1986). The main cellular receptor for
LCMV has been identified as a-dystroglycan (a-DG) (Cao et al. 1998), which is a highly
versatile cellular receptor for proteins of the extracellular matrix (ECM) (Ervasti and
Campbell 1993; Ibraghimov-Beskrovnaya et al. 1992; Winder 2001). Analysis of the
interaction of LCMV with a-DG is discussed later in this chapter.

LCMV, on congenital, neonatal, or in utero infection, can cause a persistent infection in its
natural host, the mouse (reviewed in Borrow and Oldstone 1997). During this persistent
infection, we (Ahmed and Oldstone 1988; Ahmed et al. 1984; Dockter et al. 1996; Evans et
al. 1994; Sevilla et al. 2000) and others (Ahmed et al. 1991; Matloubian et al. 1993; Villarete
et al. 1994) have described the emergence of LCMV variants. Viral variants were found with
different biological properties: One variant predominated in the central nervous system
(CNS) in neurons (Dockter et al. 1996; Evans et al. 1994; Rodriguez et al. 1983; Villarete et
al. 1994) and another predominated in cells of the immune system such as lymphocytes and
macrophages (Ahmed et al. 1991; Borrow et al. 1995; Dockter et al. 1996; Matloubian et al.
1993; Sevilla et al. 2000; Villarete et al. 1994). The parental virus, Armstrong 53b (ARM),
and the vast majority of viruses and variants isolated from the CNS, when inoculated
intravenously into adult mice, caused an acute infection characterized by profound CD8*-T
cell expansion and IFN-y production that efficiently terminated the viral infection by 7-10
days after infection. The prototype variant that has tropism for cells of the immune system is
called LCMV clone 13 (Cl 13) (Ahmed et al. 1991). Inoculation of Cl 13 intravenously into
adult immunocompetent mice aborted cytotoxic T lymphocyte responses (CTL) and led to
viral persistence (Matloubian et al. 1993; Salvato et al. 1991; Tishon et al. 1988). In contrast
to the persistent infection initiated early in life that is due to thymic deletion of antiviral
immune cells (Borrow and Oldstone 1997), persistent infection of adult mice with ClI 13 is
due to exhaustion of virus-specific T cells and is associated with a generalized
immunosuppression (Borrow et al. 1995; Tishon et al. 1993).

Sequence comparison between ARM and CI 13 showed five nucleotide changes in the entire
genome, and only two of them caused amino acid (aa) substitutions (Salvato et al. 1991;
Salvato and Shimomaye 1989). One of these aa substitutions is in position 260 of GP-1, with
ARM having phenylalanine (F) and CI 13 leucine (L); the other aa change was in position
1079 of the L protein from lysine (K) (ARM) to glutamine (Q) (Cl 13). Recent studies of
numerous LCMV strains and viral variants generated in vivo demonstrated a correlation
between a F(260)— L/l mutation in the viral GP-1, the component that binds the cellular
receptor, and the immunosuppressive phenotype (Sevilla et al. 2000; Smelt et al. 2001).
Furthermore, all LCMV variants and strains with a L or | in position 260 of GP-1 showed
high affinity binding to a-DG, with binding of at least 1 log and often 2-3 logs greater than
that observed with viruses with F at position 260 (Fig. 1; Sevilla et al. 2000). These findings
indicated that an aliphatic aa-like L or I in position 260 of GP-1 of LCMV viruses is
associated with high-affinity binding to the cellular receptor a-DG and with the ability to
cause immunosuppression in adult mice, whereas those viruses containing an aromatic (F)
aa at this position bound with a lower affinity to a-DG and did not cause
immunosuppression on inoculation of adult mice.
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Competition Between LCMV and the Extracellular Matrix Molecules for a-DG

The LCMV receptor on dendritic cells, dystroglycan (DG), is initially encoded as a single
protein and undergoes post-translational cleavage to form a-DG, a peripheral protein, and g-
DG, a membrane protein. DG is expressed in most developing and adult tissues, typically in
cell types that adjoin basement membranes (Durbeej et al. 1998). At those sites, DG plays a
critical role in cell-mediated assembly of basement membranes (Ervasti and Campbell 1991,
1993; Gee et al. 1994; Henry and Campbell 1998; Talts et al. 1999; Williamson et al. 1997).
a-DG undergoes high-affinity interactions with the ECM proteins laminin-1, laminin-2,
agrin, and perlecan. In muscle tissue, DG is found associated with two additional types of
membrane proteins, the sarcoglycans and sarcospan (Henry and Campbell 1999). a-DG is
noncovalently associated with the membrane-spanning S-DG, which binds to the
cytoskeletal proteins dystrophin and utrophin, as well as signal transduction molecules such
as grb2 and the focal adhesion kinase FAK (Cavaldesi et al. 1999; Jung et al. 1995; Yang et
al. 1995).

The complex binding pattern of a-DG results in the formation of tissue-specific a-DG
complexes in the cell membrane. Because specific DG-associated proteins may enhance or
block virus binding, their coexpression with DG may modulate the susceptibility of a
specific cell for virus infection and represent an important determinant for viral tissue
tropism in vivo. Given their expression in lymphoid organs, high binding affinity, and large
size, ECM molecules may interfere with virus binding to a-DG and, therefore, provide a
barrier for virus infection of specific DG* cell types such as CD11c* DCs. In vitro studies
demonstrated that high-affinity binding LCMV variants like Cl 13 compete successfully
with laminin-1 and laminin-2 for a-DG binding. In contrast, the low-affinity binding variant
ARM was blocked from its receptor binding site by laminin (Kunz et al. 2001). Because
recent binding studies suggest overlapping binding sites on a-DG for the ECM components
laminin-1, laminin-2, perlecan, and agrin (Talts et al. 1999), these molecules likely provide a
barrier for infection of cells by low-affinity binding LCMV variants.

The expression of a-DG-associated ECM in lymphoid tissues such as the spleen may be an
important determinant for the differential anatomic distribution of LCMV variants with
different receptor binding affinities and the ability to cause distinct pathologies.
Immunohistochemical analysis of the expression of laminin in spleen tissue (Fig. 2) revealed
particularly strong staining in the marginal zone at the periphery of the white pulp (Kunz et
al. 2001; van den Berg et al. 1993), where large numbers of CD11c¢* DC are found (Kunz et
al. 2001; Steinman et al. 1997). The overlap between laminin expression and infection with
Cl 13 suggests that this virus efficiently infects cells surrounded by laminin. By contrast, the
lack of association between laminin expression and the distribution of ARM suggests that
laminin interferes with ARM infection. High receptor binding affinity likely enables variants
like Cl 13 to displace a-DG-associated ECM (Fig. 3) molecules from the surface of CD11c*
DCs in the marginal zone, resulting in infection of these cells. Infected DCs subsequently
migrate into the white pulp and disseminate the virus into the T cell area (Lewicki et al.,
unpublished observation). In contrast to Cl 13 and the high-affinity binders, low-affinity
binders like ARM may be unable to displace a-DG-associated ECM components (Fig. 3)
and thus unable to effectively infect CD11c* DC. This may explain why LCMV variants like
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ARM are excluded from the white pulp and are found predominantly in the red pulp. The
more efficient infection of cells in the red pulp exhibited by low-affinity binding variants
may reflect their ability to use alternative cellular receptors for infection. The biochemical
nature of this alternate receptor is currently unknown.

The scenario in the spleen may reflect the situation in other lymphoid organs, where
immunohistochemical studies revealed expression of laminin and other ECM components
that bind to a-DG. In lymph nodes, laminin is found in vessel walls, in a layer underlying
the subcapsular sinus, and in an extensive array of ECM fibers (Jaspars et al. 1995; Kramer
et al. 1988; van den Berg et al. 1993). In bone marrow, widespread laminin expression was
detected in vascular basement membranes and intersinusoidal interstitial tissue (Gu et al.
1999; Nilsson et al. 1999). The laminin-containing ECM structures in lymphoid organs are
thought to form a scaffold for localization and/or migration of immune cells (Kramer et al.
1988). However, despite a large number of studies describing laminin expression in
lymphoid organs, the detailed distribution of laminin iso-forms in these tissues is poorly
understood. The identification of specific laminin isoforms that may be expressed in a
specific temporal and spatial pattern in resting lymphoid tissue and during acute infection
processes is clearly of great importance for an understanding of the molecular basis of
LCMV-mediated immunosuppression. Furthermore, a similar in vivo selection of LCMV
variants with high affinity for a-DG is also observed in nonlymphoid organs such as kidney,
liver, and lung (Evans et al. 1994), suggesting that the selection of variants with high
receptor binding affinity is a more general phenomenon and may represent a selective
advantage during the natural infectious process. Because a-DG binding laminin isoforms are
widely expressed in these organs (Miner et al. 1997), it is likely that competition between
virus and ECM components for a-DG may also play a role in the in vivo selection of viral
variants in these tissues.

Replication of LCMV in DCs

The defect underlying the generalized immunosuppression in mice infected with
immunosuppressive LCMYV variants maps primarily to antigen presentation rather than T or
B cell function per se (Althage et al. 1992; Odermatt et al. 1991) and would be predicted by
the observation that these immunosuppressive viruses infect lymphocytes inefficiently both
in vivo and in vitro (Borrow et al. 1991; Matloubian et al. 1993; Sevilla et al. 2000). The
analysis of the anatomic distribution of immunosuppressive and nonimmunosuppressive
variants and strains in the spleens of adult immunocompetent mice 3 days after infection
showed a different tropism for both groups of viruses (Borrow et al. 1995; Sevilla et al.
2000; Smelt et al. 2001). Cl 13-like viruses localized exclusively in cells of the marginal
zone and white pulp of spleen, whereas ARM-like viruses localized primarily in cells within
the red pulp (Fig. 4). By days 3-5 after infection, mice infected with ARM or CI 13 showed
some loss of follicular structure as evidenced by laminin stains (Fig. 4). By day 7, all
follicular organization was absent and CD11c* DCs had distributed throughout the entirely
of the spleen. Interestingly, at day 10, CD11c* DCs in ARM-infected mice had returned to
small nests suggestive of splenic reorganization, whereas Cl 13-infected mice maintained
disorganized DCs and also showed elevated laminin staining (Fig. 4). However, by day 30
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mice infected with either strain showed a complete restoration of spleen architecture, yet
CD11c+ staining appeared to be less intense in Cl 13-infected spleens (Fig. 4).

This distinct distribution of virus in spleen indicated that different subsets of cells were
infected by immunosuppressive and nonimmunosuppressive viruses. The identification of
cells in spleen infected by LCMV revealed two subsets mainly infected by
immunosuppressive viruses, CD11c- and DEC-205 positive DCs (Fig. 5; Sevilla et al. 2000).
CD11c* cells localized in the central white pulp, T cell areas (interdigitating cells), and
“nests” of cells that interrupt the marginal zone and extend into the T cell but not the B cell
areas. The latter have been termed “marginal zone DC.” The DEC-205 antigen is expressed
on a subset of DCs in spleen, and labeling appears to be confined largely to interdigitating
DCs, localized into the T cell area (Steinman et al. 1997). In contrast,
nonimmunosuppressive viruses infected mainly F4/80 positive macrophages and minimal
number of DCs (Fig. 5). The in vivo replication kinetics over the first 20 days after infection
showed that immunosuppressive viruses infected more than 80% of DCs (Fig. 5), indicating
that DCs are the primary cell infected in vivo by immunosuppressive LCMV variants
(Sevilla et al. 2000). The fact that LCMV immunosuppressive and nonimmunosuppressive
variants bound with different affinities to the viral receptor a-DG suggested a crucial role
for virus-receptor interaction in the infection of DCs and the initiation of
immunosuppression. Only those viruses binding with a high affinity to a-DG have a
preferential tropism for DCs leading to a generalized suppression of the host immune
system, including the anti-LCMV CTL response required for clearing the infection.
Moreover, a recent study in which we evaluated the selective pressures involved in the
emergence of immunosuppressive variants during a persistent infection indicated that only
variants with high-affinity binding to the receptor were selected from the viral quasi-species
to cause immunosuppression (Sevilla et al. 2000). All immunosuppressive variants had L or
I in aa 260 of GP-1, instead of F found in nonimmunosuppressive viruses, implying the
importance of this aa position in the selection of the immunosuppressive variants. This study
suggested that those viral variants with increased binding receptor affinity might be selected
within the replicating quasi-species to bind to CD11c* and DEC-205* cells. The selective
pressure is likely based on the interaction of the virus with its cellular receptor, thereby
offering a marked advantage to the virus in initiating the dysfunction of the host APCs,
aborting the necessary host immune responses required to terminate the viral infection. In
addition, the major cell population expressing a-DG in spleen is CD11c™" cells (Sevilla et al.
2000), which further confirms the role of virus-receptor interaction in the pathogenesis of
LCMV.

Impairment of LCMV-Infected DCs

The observation that LCMV s able to infect more than 80% of DCs in vivo suggested the
possibility that LCMV may functionally impair DCs. Indeed, DCs isolated from CI 13-
infected mice showed a functional deficit in antigen presentation as evidenced by the
inability to stimulate the proliferation of naive T cells in a primary mixed lymphocyte
reaction (MLR; Borrow et al. 1995; Sevilla et al., manuscript in preparation). The prolonged
interaction between naive T cells and APCs establishes that APCs are highly adhesive and
costimulatory. In fact, adhesion molecules allow formation of stable APC-T cell conjugates
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that are essential to deliver the sustained TCR triggering (Sykulev et al. 1996). Additionally,
costimulation increases the possibility that this scheduled threshold is reached by lowering
the time required for commitment. Consequently, mature DCs that express high levels of
adhesion and costimulatory molecules can form stable clusters (Austyn et al. 1988). Because
DCs from Cl 13-infected mice were impaired in MLR, it was important to map out any
phenotypic changes that could potentially contribute to this dysfunction. Analysis of in vivo-
isolated DCs resulted in the identification of two phenotypic populations. In ARM-infected
mice a CD11¢*Migh MHC class 11M9" population of DCs were isolated, whereas CD11c*high
MHC class 11'®Y DCs were found in Cl 13-infected mice (Fig. 6). In addition, phenotypic
analysis of infected DCs showed severely reduced expression of CD80 but normal
expression of CD86 during the course of the persistent infection (Fig. 6; Sevilla et al.,
manuscript in preparation). The engagement of CD80 with CD28 on T cells can direct naive
T cells to differentiate along a TH1 pathway whereas the ligation of CD28 with CD86 directs
the differentiation of T precursors to a T2 pathway (Kuchroo et al. 1995; Webb and
Feldmann 1995). The consequences of downregulation of CD80 on DCs could impair the
development of a Tyl immune response that mediates the elimination of LCMV. Moreover,
CD8O0 acts as a triggering signal for NK cell-mediated cytolysis (Chambers et al. 1996). The
downregulation of CD80 molecules on LCMV-infected DCs could also render DCs less
susceptible to NK cell-mediated lysis. In comparison to the viral effect on MHC class Il
expression, we found a less pronounced albeit significant downregulation of MHC class |
molecules by LCMV infected DCs (Fig. 6). This downregulation could blunt the generation
of antiviral CD8* T lymphocytes by infected DC, thereby weakening the host defense.

Virus infection also inhibited production of cytokines such as IL-12. IL-12 is a critical
cytokine produced by DCs that directs naive T cells to differentiate toward a Ty1 phenotype
(Macatonia et al. 1995). However, LCMV infection does not depend on the presence of
IL-12 for the induction of protective type 1 T cell responses (Oxenius et al. 1999). A T2
immunodeviation, as suggested with measles virus (reviewed in Patterson et al. 2001), has
not been observed in the LCMV system. The expression of IL-4, as the more potent
polarizing signal for Ty2 differentiation (Ohshima and Delespesse 1997), was not found to
be increased in LCMV CI 13 infected mice (Sevilla et al., manuscript in preparation). On the
basis of these findings, the infection of DCs allows LCMV to evade T cell attack by
disrupting antigen presentation and, hence, the initiation of an efficient antiviral immune
response. However, the role of other mechanisms is currently under investigation.
Elucidation of these mechanisms will help to further understand LCMYV infection and other
immunosuppressive viral infections.

Concluding Remarks

This chapter has considered the more recent studies regarding the interaction of LCMV with
DCs. This interaction, as in many other viral systems, leads to immunosuppression in the
host. In fact, infection plus impairment of DC function provides a selective advantage to the
virus. The aforementioned studies clearly demonstrate that it is beneficial for the virus to
directly interact with DCs in vivo. Variants and strains of LCMV showing high-affinity
binding with the cellular receptor a-DG infect DCs and cause immunosuppression in mice.
This high receptor binding affinity may allow immunosuppressive variants to displace a-
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DG-associated ECM molecules and infect DCs. The infection of DCs by LCMV leads to
function impairment. Phenotypic analysis of infected DCs revealed that MHC class Il and
costimulatory molecules were expressed at reduced levels. Although further experiments are
required to elucidate the specific mechanisms involved in the impairment of infected DC
function, the model system described in this review should allow dissection of the molecules
involved with virus-DC interactions.
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LCMV binding affinity to a-DG. Virus overlay protein binding assay (VOPBA) was done
with purified a-DG and LCMV variants and strains as described by Sevilla et al. (2000).
Decreasing amounts of purified a-DG were loaded on an SDS-PAGE, electrophoresed, and
transferred onto nitrocellulose. The nitrocellulose was incubated with 107 PFUs of each viral
isolate, and viral proteins were detected with monoclonal antibodies specific for LCMV GP.
The top panel shows the VOPBA of immunosuppressive LCMV strains (Traub and WE 54)
and variants (Cl 13, PBL 67-3, PBL 36-4, and TNPBL 4-2); the bottom panel shows the
VOPBA of nonimmunosuppressive LCMV strains (ARM 53b and E-350) and variants (WE

2.2,CD8-4, CD4-1, and TNB 2-1)
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Fig. 2a-e.

E)?pression pattern of laminin and CD11c in the spleen. Detection of laminin and CD11c in
whole spleen sections (a): Laminin was detected with a rabbit anti-mouse laminin-1
antibody and a FITC-labeled secondary antibody (green). CD11c was detected with a
hamster anti CD11c antibody and a rhodamine-X-conjugated secondary antibody (req).
Overlapping fluorescence appears in yellow as a rhodamine-X/FITC double-filter device
was used. Localization of laminin in the marginal zone of the white pulp (b): Schematic
representation of spleen histology. In ¢, laminin was stained with rabbit anti-laminin-1
antibody with a HRP-conjugated secondary antibody and DAB as a chromophore. Sections
were counterstained with hematoxylin and eosin. Laminin staining of a single white pulp
area (d, e): Laminin was detected with a rabbit anti-laminin-1 antibody and a Texas-red
conjugated secondary antibody (d); secondary antibody only is shown in e. M.z, marginal
zone; RP, red pulp; WP, white pulp. Bars: a, 200 pm; b—e, 50 um
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Fig. 3.

Tagrgeting DCs by LCMV: role of the ECM molecules in the interaction of LCMV with a-
DG. a-DG undergoes high-affinity interactions with ECM such as laminin. These ECM
components may interfere with virus binding to the cell and, therefore, provide a barrier for
virus infection of specific cells such as CD11c* DCs. High-affinity binding LCMV variants
such as Cl 13 (ypper panel) may compete successfully with laminin for a-DG, whereas low-
affinity binders such as ARM (/ower panel) are unable to displace laminin. The lack of
association between laminin expression (Fig. 2) and ARM distribution (Fig. 5) suggests that
laminin may interfere with ARM infection
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D10
Fig. 4.

Comparison of splenic architecture in Cl 13- and ARM-infected mice. The distribution of
laminin and CD11c in whole spleen section from ARM- or Cl 13-infected mice at days 3,
10, and 30 after infection. Laminin was detected with a rabbit anti-mouse laminin-1
antibody and a FITC-labeled secondary antibody (b6/ue). CD11c was detected with a hamster
anti-CD11c antibody and a rhodamine-X-conjugated secondary antibody (req). Overlapping
fluorescence appears in pink

CL13
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Infection of DCs by LCMV. a The comparison of the anatomic localization of viral nucleic
acids in spleen between Cl 13 and ARM at day 3 after infection shows ARM nucleic acid
localized predominantly in the red pulp (/£P) and CI 13 nucleic acid localized with the white
pulp (WPA) or its marginal zone (MZ2). A higher-power view is shown of both panels. The
arrows indicate viral nucleic detected in individual cells. b Replication of Cl 13 and ARM in
DCs in vivo over a 20-day observation period. Four adult BALB/c ByJ mice were infected
with ARM or CI 13. CD11c* and DEC-205* cells obtained from spleens made into single
splenocyte suspensions were labeled with specific antibodies for these cell subsets. (H)

CD11c* DCs; (@) DEC-205" DCs
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Fig. 6.
LCMV modulates expression of functionally important surface molecules on mature DCs.

At day 15 after infection, spleens from ARM- or Cl 13-infected mice were collected and
individual splenocyte suspensions were prepared from each mouse. Splenocytes were
stained with specific monoclonal antibodies for CD11c, MHC I, MHC I, CD80, and CD86.
The figure shows FACS histograms of surface expression of MHC I, MHC 11, CD80, and
CD86 on CD11c* cells. The gray filled-in curves represent expression of the corresponding
marker molecules on DCs from CI 13-infected mice, whereas the black curves show surface
expression on DCs from ARM-infected mice. Broken lines depict staining of DCs with an
irrelevant antibody (isotype control). In the X-axis, the fluorescence intensity (log scale) is
given, whereas the Y-axis depicts the relative cell number
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