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Abstract
Human rhinoviruses (HRV) are the major cause of the com-
mon cold, one of the most frequent infectious diseases in
humans. Though HRV infections of the upper respiratory
tractare usually rather harmless, there s increasing evidence
that HRV sets the stage for more dangerous pathogens, elic-
its asthmatic exacerbations, severe diseases in the lower re-
spiratory tract and even autoimmunity. The pathogenic
mechanisms of HRV infections leading to such complica-
tions are still poorly understood. It is a common strategy of
pathogens to manipulate our immune system in order to
evade an efficient immune response. A major characteristic
of HRV is a high degree of species specificity. Thus, analyzing
the potential immune evasion mechanisms used by HRV will
be helpful for a better understanding of the pathogenesis of
the common cold and may contribute to a better under-
standing of the human immune system as well. In this review
we want to illuminate what is known about potential im-
mune escape mechanisms used by HRV and discuss how
such disturbances might lead to a suppressed and dysregu-
lated immune competence in man.

Copyright © 2007 S. Karger AG, Basel

Introduction

For millions of years, viruses have studied cell biology
and immunology the hard way, to acquire and defend an
ecological niche for replication [1]. The success of a virus
is directly dependent on its ability to mount an effective
anti-immune response within the infected host. Asa con-
sequence, successful viruses have developed a broad
range of mechanisms to modulate, manipulate or shut off
key functions of the host immune system. Many corner-
stones of immunity have been illuminated by analyzing
the underlying mechanisms of effective immune escape
strategies of viruses. This ‘anti-immunology’ covers an
incredible repertoire of different strategies and is best de-
fined for large DNA viruses such as herpesvirus or cyto-
megalovirus [2, 3]. It is amazing that such large DNA
viruses utilize up to 50% of their genome for proteins spe-
cialized to interfere with the host immune system includ-
ing a plethora of cytokine homologs, mimics or inhibitors
of innate and acquired immune responses to facilitate
their replication in hosts with complex and effective im-
mune systems [1].

Owing to the low fidelity of RNA polymerase, the ge-
nome size of RNA viruses is limited and usually small [4].
Although this confers the advantage of a fast replication
cycle and the ability to use mutation to escape immune
control, there is little room in the genome to allow im-
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mune defenses to be encoded by individual genes. Hu-
man rhinoviruses (HRV) are such small RNA viruses
and are nevertheless one of the most successful pathogens
in humans [5-7]. It is tempting to postulate that rapidly
evolving HRV have achieved the same goals as large DNA
viruses, notwithstanding their significantly reduced cod-
ing capacity, by exploiting some of the cellular mecha-
nisms that the host may have evolved for the regulation
of immune responses.

Rhinoviruses

HRYV are members of the Picornaviridae [7]. So far,
102 serotypes of HRV have been identified and are di-
vided into two groups depending on receptor utilization.
More than 90% belong to the major group family of HRV
and bind to human intercellular adhesion molecule-1
(ICAM-1), whereas low-density lipoprotein and related
proteins are receptors for the minor group HRV [8, 9].
HRYV are non-enveloped viruses with an icosahedral cap-
sid enclosing a single-stranded, positive-sense RNA ge-
nome that is translated after cell entry [10]. The viral
polyprotein is divided into a P1 region, which encodes the
capsid proteins VP1, VP2, VP3, and VP4, and the P2 and
P3 regions, which include proteins 2APro, 2B, 2C, 3A, 3B
(VPg), 3CPro, and 3DPol. Viral proteases cleave the poly-
protein into the component viral proteins, with the cleav-
age end products, as well as some of the precursors, hav-
ing independent functions. Importantly, for none of these
proteins have such ‘anti-immunological’” functions been
described.

An HRYV infection normally starts by self-inoculation
with the virus by hand into the nose or into the eyes, from
where the virus comes via the lacrimal duct into the nose
[11]. In the adenoid area of the nose the viruses dock to
epithelial cells via specific cellular receptors. Receptor
binding of major group viruses leads to conformational
changes of the capsid, which facilitate together with a low
pH uncoating within endosomes and release of viral RNA
[12, 13]. While the host cell protein synthesis is shut off
by the cleavage of the CAP-binding complex through vi-
ral protease 2a, the viral RNA can still be translated using
an internal ribosome entry site [14]. Assembled mature
virions are released from the cell after 8-10 h by cell lysis
of epithelial cells. Although HRV primarily infect the cil-
iated epithelial cells of the upper respiratory tract, there
is increasing evidence that HRV can also replicate in the
lower respiratory tract. Histological examinations of
HRV-infected nasal epithelium demonstrated no obvious
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changes in the morphology or integrity of the nasal epi-
thelium. HRV is found to replicate only in a small num-
ber of mucosal cells (about 10%) and induces little, if any,
cytopathic effects [11].

HRYV infection of primary epithelial cells and epithe-
lial cell lines is accompanied by a release of inflamma-
tory mediators in vivo and in vitro. In particular pro-in-
flammatory cytokines including IL-1@, TNEF, IL-8, IL-6
and IL-11, and the vasoactive peptides bradykinin and
lysyl bradykinin [15, 16]. In addition, chemokines such as
Rantes, MCP-1 and IP-10 as well as the angiogenic factor
VEGF have been found in nasal secretions of patients
with colds [16-19]. As a result, it is now considered that
common cold symptoms result from an inflammatory
‘cytokine disease’ of the host in response to the virus and
not from the virus itself.

Attracted by these mediators, inflammatory leuko-
cytes, granulocytes, dendritic cells (DC) and monocytes
are found to migrate to the site of HRV infection [20].
Especially neutrophil infiltration into the submucosa and
epithelium was observed during the common cold and
may be caused by IL-8, which is a potent chemoattractant
and mediator for the invasion of neutrophils. Teran et al.
[21] found a direct relation between neutrophils and my-
eloperoxidase concentrations in nasal aspirates and the
severity of upper respiratory tract symptoms. The in-
creased presence of neutrophils has been implicated to
contribute to asthmatic exacerbations. In contrast to al-
lergen-provoked asthma where mainly eosinophils are
attracted, neutrophils are the predominant inflamma-
tory cells during virally induced asthma exacerbations
[22]. However, it was also reported that eosinophils are
increased in bronchial epithelium in biopsies taken from
normal and asthmatic persons following experimental
HRV infection [23]. In addition, neutrophilia did not dif-
ferentiate between the response to virus in a control pop-
ulation or in patients with asthma with an exacerbation
during the acute infection. This observation suggests that
factors other than, or more likely in addition to, neutro-
phils are necessary for an asthma exacerbation to occur
with a respiratory virus infection.

In summary, it appears that a small number of HRV-
infected epithelial cells release a variety of inflammatory
factors. These soluble mediators are thought to orches-
trate proliferation, chemotaxis, and activation of inflam-
matory cells, resulting in an amplification of the inflam-
matory process.
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The Immune Response against HRV

Several studies demonstrated that an intact immune
system is required to control HRV infections. This is par-
ticularly clear from studies with patients with a sup-
pressed immune system, where HRV infections can be
life-threatening and are a major cause of morbidity [6].

A typical antiviral immune response is a combination
of innate and adaptive immunity. Type-I interferons
(IFN) are known as the prototypic and early mediators of
an innate antiviral immune response [24]. IFN is detect-
able in nasal secretions of one third of infected volunteers
and it is usually present 1 or 2 days after the peak virus
titer [5]. However, it is detected only in those volunteers
with the highest titers of virus and most severe illness.
For this reason, many believe other recovery mechanisms
may be more important. Nevertheless, administration of
IFN before challenge with HRV can prevent or reduce the
intensity of infection. A recent paper indicated an impor-
tant link between IFN and the increased susceptibility of
asthma patients to HRV. Wark et al. [25] showed that
bronchial epithelial cells of asthmatic subjects have an
impaired apoptotic response to HRV infections and in-
creased viral replication due to a profound impairment of
virus-induced IFN expression. Substitution of IFN in-
duced apoptosis and reduced replication. Thus, IFN may
play a role in recovery from HRV infections as well as in
the prevention of virus-induced asthmatic exacerba-
tions.

Neutralizing antibodies to HRV develop after infec-
tion in serum and secretions of the majority of persons
and are considered as the most important antiviral effec-
tor mechanism of our adaptive immune system [5].
Among infected volunteers, detectable serum antibody
usually developed between 1 and 2 weeks after inocula-
tion, but in initially antibody-free persons, it might first
be detected after 3 weeks. Maximum levels of specific an-
tibodies are reached after 5 weeks and can persist for at
least 1 year. However, as neutralizing antibodies appear
relatively late, recovery from illness, which usually occurs
at 7-10 days, must be a result of other components of the
immune response. This concept is supported by a seem-
ingly normal recovery exhibited by persons with isolated
IgA deficiency and by those with hypogammaglobinemia
[26]. Nevertheless, local IgA and also IgG antibodies,
passing from the vasculature may contribute to viral
clearance in otherwise healthy persons. However, the
large number of serotypes means repeated infection with
HRYV, to which an individual may lack appropriate anti-
bodies, is common. Moreover, antibody production in
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natural HRV infections occurs on an average only in 50%
of patients [5].

In contrast to the specific antibody response, T cells
show serotype cross-reactivity. Gern et al. [27] isolated
virus-specific CD4+ T-cell clones and showed that cells
from most persons are activated by a number of sero-
types, indicating shared epitopes by different HRV. T
cells from tonsils of infected children also responded to
multiple serotypes; responses were by CD4+ cells and a
Thl-type cytokine profile was dominating [28]. Surpris-
ingly, Handzel et al. [29] reported that eosinophils might
act as the antigen-presenting cells, which activate HRV-
specific T cells. Today, no publications are available about
an involvement of CD8+ T cells in the immune respons-
es against HRV. This is amazing, since CD8+ cytotoxic T
cells usually play a central role in the fight against non-
cytopathic viruses.

Taken together, the immune response against HRV as
well as the recovery from HRV infection is still incom-
pletely understood and enigmatic.

Immune Evasion Strategies of HRV

Antigenic variation and rapid replication are critical
immune evasion mechanisms of small RNA viruses [1, 2].
Therefore the large numbers of serotypes combined with
a high mutation rate might be part of the success of HRV
infections. However, the intrinsic antigen variations of
HRYV do not explain why, despite recruitment of invading
leukocytes, appropriate immune responses appear to be
hindered or dysregulated in the respiratory tract upon
HRV infection, leading to a well-documented disposition
to bacterial infections leading to sinusitis, otitis media,
bronchitis, and pneumonia as well as asthmatic exacerba-
tions and autoimmunity [6, 30-34]. This property cannot
be attributed to cytopathic effects because several studies
have clearly demonstrated that HRV bind to but do not
infect or damage leukocytes [35, 36]. In the next chapters
we want to discuss the cellular and molecular mecha-
nisms through which HRV blunts our immune system.

Interference of HRV with the Type | IFN Pathway

Many viruses express mechanisms to counteract the
host response by targeting the antiviral power of IFNs.
IFNs elicit antiviral activity by the induction of different
already well-studied interferon-stimulated genes (ISG)
applying different modes of action [24]. Examples for
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such ISG are the double-stranded RNA-activated kinase
PKR, which inhibits mRNA translation and transcrip-
tional events; the enzymes 2’,5’-oligoadenylate synthe-
tase and RNase L, which are involved in mRNA degra-
dation, and the Mx proteins, which are GTPases. These
GTPases are expressed in two distinct forms in humans,
as MxA and MxB, whereas only MxA has antiviral activ-
ity. It can act against a number of different viruses includ-
ing also Picornaviridae. Interaction of MxA with viral
nucleocapsids followed by misdirection of viral compo-
nents was described as a possible antiviral mechanism
[37]. Although MxA was found to be not systemically up-
regulated in common cold patients, it could be elevated
locally in the nasal mucosa [38].

The regulation of type-I IFN synthesis is well charac-
terized and requires the participation of several tran-
scription factor complexes, such as NF-kB, ATF/JUN
and, in particular, IFN regulatory factors (IRFs). Since
many viruses are known to target activation of IRF-3 to
inhibit the induction of IFN-f3, Peng et al. [39] have re-
cently analyzed the status of IRF-3 in HRV-infected epi-
thelial cell lines. IRF-3 was translocated to the nucleus
and phosphorylated in cells infected with HRV14, a ma-
jor group HRV. Despite this apparent activation, very lit-
tle homodimerization of IRF-3 was evident following in-
fection. Similar results in A549 lung alveolar epithelial
cells demonstrated the biological relevance of these find-
ings to HRV14 pathogenesis. In addition, prior infection
of cells with HRV14 prevented the induction of IFN-f
mRNA following treatment with double-stranded RNA,
indicating that HRV14 may encode an activity or induces
a negative signal that specifically inhibits this innate host
defense pathway. The exact mechanisms by which HRV14
inhibits IRF-3 homodimerization remain to be deline-
ated.

Modulation of Leukocyte Interactions

The selection of an immunologically relevant cellular
receptor is an efficient anti-immune response strategy
used by several viruses. This is probably best character-
ized for measles viruses, which abuse binding to CD46 to
blunt immunity. The vast majority of HRV uses the cell
surface receptor ICAM-1 (CD54) to bind to and infect
epithelial cells. ICAM-1 is a member of the immunoglob-
ulin (Ig) superfamily and is important in adhesion of leu-
kocytes and endothelial leukocyte migration through
binding to its cellular ligands LFA-1 (CD11a/CD18) and
Mac-1 (CD11b/CD18) [40]. Mice deficient in ICAM-1 fail
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to recruit leukocytes to inflamed tissues [41]. ICAM-1 is
also an essential co-stimulatory receptor on antigen-pre-
senting cells and ICAM-1-deficient APC have a strongly
impaired capacity to induce T-cell responses [42, 43].
Thus, HRV can directly interact with leukocytes and
since the binding site of HRV on ICAM-1 overlaps with
the binding site of LFA-1, it is intriguing that binding of
HRYV to leukocytes might have profound functional con-
sequences. Piela-Smith et al. [44] could indeed demon-
strate that ICAM-1 expressed on the surface of human
fibroblasts functions as a receptor for HRV as well as a
receptor for LFA-1-bearing human T lymphocytes, which
could be inhibited by an antibody to ICAM-1. Interest-
ingly, binding of HRV to fibroblasts inhibited the subse-
quent adhesion of T cells.

Similarly, Gern et al. [45] found that HRV16, a major
group HRYV, significantly inhibited T-cell proliferation
induced by antigen but not proliferation secondary to mi-
togens, IL-2, or an irradiated allogeneic T-cell line. Non-
infectious (UV-irradiated) HRV had similar effects. In-
hibition of T-cell proliferation was dependent on HRV
binding to ICAM-1 on monocytes, indicating that the vi-
rus interferes with lymphocyte activation indirectly
through effects on antigen-presenting cells. In addition,
HRV inhibited T-cell cytotoxic responses but not NK cell
activity.

Recent studies have clearly demonstrated that ICAM-1
is more than a molecular glue [36, 46-48]. Engagement
of ICAM-1 with certain mAbs or its natural ligands fi-
brinogen was described to trigger intracellular signaling
in various cell types. For other prominent adhesion mol-
ecules including ICAM-3 (CD50), signaling events could
be observed, leading to the activation of other adhesion
molecules and thereby reinforcing the strength of inter-
cellular contact formation.

HRV is a natural ligand for ICAM-1 with special bind-
ing and consequently signaling features. One HRV capsid
has 60 potential binding sites located in depressions of the
viral protein coat, the so-called canyons [49]. The bind-
ing of HRV to ICAM-1 was found to be biphasic. It starts
with a slow, low-affinity interaction step, which causes a
conformational change in the canyons, which facilitates
HRV/ICAM-1 interactions with a relatively high affinity.
These structural changes in the canyons subsequently fa-
vor binding of additional ICAM-1 molecules and it is as-
sumed that numerous ICAM-1 molecules get located
around the initial binding site of HRV. Due to the mul-
tivalency of binding sites on HRV particles, this allows
high avidity interactions with their receptors. Therefore,
HRYV can be considered to resemble a perfect cross-link-
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ing reagent of ICAM-1 molecules, which may trigger pro-
adhesive effects as well.

We have recently investigated whether HRV binding
to ICAM-1 might influence the adhesiveness of leuko-
cytes [50]. We found that engagement of ICAM-1 with
HRV14 on human mononuclear phagocytes induces ho-
motypic clustering of monocytes and monocyte-derived
DC, but not in lymphocytes, which was found to criti-
cally involve homophilic PECAM-1 interactions and is
mediated via LFA-1/ICAM-3.

Three pieces of evidence demonstrated that engage-
ment of ICAM-1 by HRV is required to elicit the evoked
adhesiveness of monocytes. Inhibition of binding of
HRV14 to monocytes with the specific inhibitor WIN
52035-2 or the mAb 17-1A, which block HRV binding to
ICAM-1, abolished the HRV induced clustering. Second-
ly, heat-inactivated HRV14, which is unable to bind to
ICAM-1, failed to induce aggregation of monocytes.
Thirdly, induction of monocyte or DC aggregation was
not observed with the minor group HRV2, which inter-
acts with cells via LDL-receptor- and/or LDL-receptor-
related proteins. Cell surface expression of ICAM-1 on
monocytes was reduced upon HRV14 interaction. This is
likely to be primarily due to receptor usage of HRV14. In
addition, this enhanced cellular adhesiveness was also
observed with UV-inactivated HRV preparations that
can still bind to ICAM-1 but are not infectious.

Cross-linking of ICAM-1 by antibodies was shown to
activate the ERK-1/2 and JNK-1/2 signaling pathways.
Binding of HRV to monocytes also induces ERK and JNK
phosphorylation [Kirchberger et al., unpubl. data]. It re-
mains to be determined whether this signaling route is
responsible for the enhanced adhesiveness of monocytes
upon HRV binding.

The amount of HRV particles required to induce this
effect was low. Thus it can be anticipated that mononu-
clear phagocytes, which migrate to the site of HRV infec-
tion, come into contact with sufficient viruses to acquire
this enhanced adhesive state. What might be the rele-
vance of enhanced phagocyte adhesiveness? Mononucle-
ar phagocytes with such an enhanced adhesive behavior
might be retained longer at the infected site than usual.
Moreover, a delayed emigration of APC to local lymphoid
tissues and lymph nodes might cause a delayed immune
response to virus. This possibility could help to explain
why it usually takes 3-5 weeks until neutralizing mAbs
against HRV are detectable [5].

Modulation of the Immune System by
Human Rhinoviruses

Modulation of Cytokine Production in Monocytes

Mononuclear phagocytes were considered for a long
time as a primitive cell system that is involved in unspe-
cific, first-line defense mechanisms [51, 52]. The picture
changed when it became clear in the mid-1990s that
phagocytes resemble precursor cells of DC, the key play-
ers in the regulation and induction of specific immunity.
This progress also caused a revision of the concept that
macrophages and DC may originate from different pre-
cursor cells and was replaced by a more flexible model
which explains the heterogeneity of this cell system by the
influence of microenvironmental factors including spe-
cific cytokines as well as pathogen-associated signals.
The capacity of mature CD14+ monocytes to further dif-
ferentiate in either one or the other ‘functional direction’
was called ‘polarized” monocyte differentiation accord-
ing to the Thl, 2, 3 nomenclature used for T cells.

Data from a recent study suggest that HRV may polar-
ize monocyte differentiation towards a “Th-3 phenotype’
[36]. In this study, we demonstrated that HRV14 effi-
ciently inhibit antigen-specific T-cell responses. These
inhibitory effects were found to result from a particular
spectrum of cytokines released by mononuclear phago-
cytes upon HRV14 interaction. Most prominent among
them is IL-10, a well-established immunosuppressive cy-
tokine, which is strongly induced by HRV14. In contrast,
major pro-inflammatory cytokines such as TNF-a and
IL-1[ as well as the Th1 activator IL-12 are not or only
minimally induced and IL-12 production induced by
IFN-v/LPS was significantly inhibited in monocytes af-
ter HRV14 interaction. On the basis of these observations
it is tempting to speculate that the particular cytokine
profile induced by HRV in mononuclear phagocytes
might have adverse effects on local immunity in areas of
HRV infection. Such reduced local immunocompetence
may predispose affected individuals to secondary infec-
tions and could possibly explain the frequently observed
occurrence of sinusitis, otitis media, bronchitis, and
pneumonia in HRV-infected persons.

While direct interference of HRV binding to ICAM-1
on monocytes and consequently inhibition of LFA-1
binding may contribute to a reduction of T-cell reactivity,
it cannot account for the inhibitory effects of HRV ob-
served by us. In particular, HRV14 did not inhibit alloge-
neic T-cell responses induced by EBV-transformed lym-
phoblastoid B cell lines (B-LCL), where ICAM-1/LFA-1
interactions are also critically involved [36]. Rather, the
induction of a soluble factor by HRV14 in monocytes
seems to be primarily responsible for the inhibition of the
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antigen-specific T-cell response. Data presented in this
study demonstrate that this factor is IL-10. Firstly, addi-
tion of supernatant from HRV14-treated monocytes only
inhibited the allo-stimulatory capacity of monocytes and
md-DC whereas B-LCL were not affected, which is typi-
cal for IL-10. Secondly, monocytes stimulated with
HRV14 were found to produce biologically relevant
amounts of IL-10. Thirdly, neutralization of IL-10 with a
specific antibody reverted the blocking effects of HRV on
T-cell stimulation.

The mechanism of inhibition of antigen-specific, cel-
lular immune responses by IL-10 is well defined. Most
relevant in this respect is the massive downregulation
of MHC class II molecule expression in the presence of
IL-10 [53]. Accordingly, HRV14-induced downregula-
tion of MHC class II molecules was inhibited in the pres-
ence of anti-IL-10 antibodies. In contrast to MHC class
II, MHC class I expression on monocytes is only slightly
affected by IL-10 and responsiveness of activated CD8+
T cells is even enhanced by IL-10. It has also been dem-
onstrated that IL-10 reduces CD80 and CD86 co-stimula-
tory molecule expression and inhibits IL-12 production.
Upon HRV14 treatment of monocytes, we have also ob-
served downregulation of CD86 expression as well as an
inhibition of IL-12 production. However, inhibition of
IL-12 production induced by HRV14 was only partially
reversed in the presence of neutralizing anti-IL-10 anti-
bodies, indicating that an IL-10-independent mechanism
is also critically involved, which is reminiscent to what
has been found with measles viruses [54]. Also, in con-
trast to IL-10 effects, CD80 as well as CD40 expression
was upregulated in HRV-treated monocytes, which was
also reported in a study from another group [55]. Thus,
the immunophenotype of HRV14-treated monocytes
differs in some aspects from that reported for IL-10 stim-
ulation and not all functional effects of HRV14 may be
due to induction of IL-10 production.

IL-10 is one of the key factors that regulate inflamma-
tory responses [56]. The anti-inflammatory action of
IL-10 is primarily achieved by inhibition of the produc-
tion of pro-inflammatory cytokines such as IL-1, IL-6
and TNF-a. The crucial role of IL-10 in controlling in-
flammatory responses is best illustrated in IL-10 knock-
out mice which suffer from chronic inflammatory bowel
disease and in studies where injection of IL-10 rescued
mice from LPS-induced toxic shock [57, 58]. Common
cold symptoms are considered to be caused by pro-in-
flammatory cytokines produced in the nasal mucosa [5].
In the course of the infection, however, major group HRV
may induce the production of IL-10 in infiltrating mono-
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cytes. This may result, together with IL-1ra, in a decrease
of the local inflammatory reaction and in the inhibition
of cellular immune responses.

The utilization of IL-10 for immunomodulation is a
common strategy of viruses. Members of the herpesvirus
and parapoxvirus families have evolved their own IL-10
homologs, whereas other viruses have developed strate-
gies to induce cellular IL-10 [1]. The exact molecular
mechanisms by which viruses such as respiratory syncy-
tial virus, parainfluenza virus or HRV cause increased
secretion of IL-10 by monocytes and macrophages have
not been determined. However, it is apparent that induc-
tion of cellular IL-10 by viruses that target macrophages
leads to suppression of the localized - and perhaps gener-
alized - inflammatory response. This immunosuppres-
sion is likely to be beneficial to the virus in establishing
aninfection. Understanding how microorganisms initiate
macrophage production of IL-10 and regulate IL-10 tran-
scription and translation could reveal important targets
for therapeutic intervention in a wide variety of diseases.

Amazingly, IL-10 might be the ‘missing link” to ex-
plain the linkage between a viral respiratory infection
and the provocation of an asthma exacerbation. A recent
study by Grissell et al. [59] points to IL-10 as an indicator
of HRV-provoked asthma, both in children and adults.
The observations by Grissell et al. add critical new infor-
mation as we try to understand the mystery of how an
innocuous respiratory infection, like the common cold
produced by HRV, can have such devastating effects in
some patients with asthma.

Immune Evasion by Targeting DC

DC, the most potent of the professional antigen-pre-
senting cells, play a central role in the generation of pri-
mary T-cell responses and the maintenance of immunity.
Because of their importance in initiating antiviral im-
mune responses, DC are ideal targets for viral immune
evasion strategies [2, 60]. Several viruses are known to
modulate DC function and thus impair antiviral T-cell
responses. The result can be a transient or prolonged sup-
pression of the immune response, often associated with
secondary microbial infections or the initiation of a per-
sistent infection, both of which represent serious medical
problems. However, the mechanism(s) by which viruses
induce dysfunction in DC is not fully understood.

Viruses can interfere at several steps of DC-induced
immunity including generation, survival, migration and
maturation of DC, processing/presentation of antigens
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by DC and activation of T-cell responses by DC [2, 60]. A
particularly efficient trick of viruses, e.g. vaccinia virus,
measles, HIV or CMV, is the targeting of the co-stimula-
tory function of DC. Thereby the virus is able to prevent
pathogen-specific immunity (i.e. ignorance) and, even
more effective, is able to induce pathogen-specific toler-
ance, when DC present antigens in the absence of co-
stimulatory signals. We have recently demonstrated that
upregulation of inhibitory accessory molecules, i.e. B7-
H1 (CD274) and Sn (sialoadhesin, Siglec-1, CD169), on
DC represents another efficient viral strategy to turn off
antigen-specific immune responses [61].

We discovered this novel mechanism of virus-induced
immunosuppression by investigating the impact of
HRV14 on DC function. Since monocytes are the precur-
sor cells of our DC, we expected that IL-10 production
induced upon co-culture of DC with HRV14 was involved
in this process. Yet, although small amounts of IL-10 are
produced by R-DC, neutralizing antibodies against IL-10
failed to reverse the inhibitory effect of HRV14. In addi-
tion, transfer experiments with the supernatant of R-DC
cultures revealed that soluble inhibitory factors may not
play an essential role. Thus, HRV seemingly modulates
the accessory function of mononuclear phagocytes and
DC through different mechanisms.

Importantly, HRV14 effects were not detectable upon
addition of the virus to the MLR cultures or due to a brief
pretreatment of DC with HRV14 but required a co-cul-
ture of at least 24 h. During this time, HRV14 obviously
modulates the co-stimulatory repertoire of DC in a spe-
cial way. The expression of most co-stimulatory mole-
cules analyzed in this study was not affected on R-DC.
For instance, CD40, CD58, CD80 and CD86 expression
was similar on R-DC and on untreated DC. Likewise, ex-
pression of MHC class I and MHC class II molecules, a
known target of viral escape mechanisms, was not down-
regulated on R-DC. Thus, the clearly reduced stimulatory
capacity of R-DC did not correlate with a reduced ability
to deliver signals 1 and 2 to T cells. Since we observed that
R-DC gain a bystander inhibitory function, we concluded
that HRV14 may alter the accessory phenotype by induc-
ing inhibitory receptor(s) on DC.

We could indeed identify two of such receptors on R-
DC, which seem to deliver inhibitory signals to T cells,
B7-H1 and Sn. B7-H1, a recently described member of the
B7 molecule family, is a well-defined accessory molecule
with inhibitory effects through its receptor PD-1 on the
T-cell side [62]. B7-H1 is critically involved in the induc-
tion and maintenance of T-cell anergy induced by IL-10-
treated DC [63]. Yet, blocking of B7-H1 was not sufficient
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to revert the deep anergic state in T cells triggered by R-
DC. Since other inhibitory accessory molecules on DC
are not characterized so far, we had to search for such
candidate structures on R-DC. By combining classical
hybridoma technology and a potent retroviral expression
cloning approach using a cDNA library from DC, we
could identify Sn as an inhibitory accessory molecule on
R-DC. Sn is a member of sialic acid binding lectin family
of I-type lectins which preferentially binds to sialylated
carbohydrate structures (e.g. NeuAca2,3-Gal) [64]. Sn is
a frequently used marker for macrophages because it is
not expressed on monocytes, lymphocytes and DC. Our
finding that Sn is strongly induced on DC upon HRV14
treatment after 1-2 days correlates with the appearance
of the inhibitory phenotype of R-DC. CD43 has been re-
cently described as ligand for Sn on T cells [65]. How
might this interaction contribute in the inhibition of T-
cell activation by R-DC? CD43 is known as an adhesion
molecule involved in APC-T-cell interaction but is also
known as barrier molecule. As such, CD43 is removed
during APC-T-cell interaction from the immunological
synapse to the distal pole of the T cell. This re-localiza-
tion of CD43 is an active process dependent on reorgani-
zations of the cytoskeleton. If an APC like our R-DC ex-
presses a counter-receptor for CD43, it seems to be in-
triguing that this interaction might interfere with an
appropriate movement of CD43 to the distal pole. As a
consequence, synapse formation required for complete
T-cell activation might be disturbed. Together with in-
hibitory signals arising from B7-H1-PD-1 interactions,
this might explain the induction of a deep anergy in T
cells upon R-DC activation.

The mechanism of B7-HI1 and Sn induction in R-DC
and the role of ICAM-1 are not yet understood. Signal
transduction via ICAM-1 has been described but may not
be sufficient. We observed that engagement and cross-
linking of ICAM-1 with CD54 mAb RR1/1 did not trigger
Sn expression on DC but inhibited HRV-induced Sn ex-
pression.

Interestingly, ICAM-1 is not only the receptor for rhi-
noviruses but also for other pathogens including Cox-
sackie viruses and Plasmodium falciparum [66). For plas-
modium-infected erythrocytes it has indeed been recent-
ly demonstrated that they inhibit DC maturation. Thus,
ICAM-1 is not only an important adhesion molecule but
like TLRs may also play an important role in sensing
pathogens. However, our observations implicate that in
contrast to TLRs, engagement of ICAM-1 on DC might
trigger inhibitory signals which shut off the T-cell stimu-
latory function of DC.

Int Arch Allergy Immunol 2007;142:1-10 7



Fig. 1. Interaction of human rhinoviruses
(HRV) with the mononuclear phagocyte
cell system that subverts the T-cell stimu-
latory function of dendritic cells (DC) and

= =% bacteria

phagocyte

induces IL-10 production in monocytes.

Conclusion and Hypothesis

On the basis of these observations it is tempting to
speculate that the unique functional modulation of DC
and monocytes by HRV might have adverse effects on lo-
cal immunity in areas of HRV infection (fig. 1). Such re-
duced local immunocompetence may predispose affect-
ed individuals to secondary infections and could explain
the frequently observed occurrence of sinusitis, otitis me-
dia, bronchitis, and pneumonia in HRV-infected per-
sons.

HRV are highly specialized and only infect humans
with all the well-known syndromes of a cold. HRV are
probably the most successful human pathogens and it has
been estimated that HRV colds per se will keep an aver-
age person in bed for about a whole year of their lives.
Thus, HRV have to be real experts of the human immune
system and apply efficient tricks to blunt antiviral im-
mune responses. However, this is not necessarily a big
concern. Cookson and Moffatt [67] have recently sug-
gested that this may be part of our immune system’s reg-
ular training, so HRV infections might be beneficial for
us. It is amazing that up to 40% of HRV infections occur
asymptomatically. The reasons for such a phenomenon
are unclear. We hypothesize that the host/HRV relation-

8 Int Arch Allergy Immunol 2007;142:1-10

ship evolves towards a symbiotic relationship, which is
beneficial for the virus and offers a natural (harmless)
training partner for humans. Importantly, these training
sessions may not only strengthen our immune system,
but recent progress in the understanding of the immuno-
modulatory properties of HRV suggest that this may also
be used to set the threshold of immune responses in the
upper and maybe also lower respiratory tract. In persons
with a certain predisposition, such as atopy, these ‘train-
ing sessions’ may have adverse effects and lead to asthma
and maybe even autoimmunity such as multiple scle-
rosis.

Kirchberger/Majdic/Stockl
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