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ABSTRACT: Chemokines are small chemoattractant cytokines involved in cell trafficking and activation.
Despite the general nonspecific nature of chemokine activity in certain instances, specific chemokine expression
patterns have been associated with specific disease states. In the field of respiratory viral infection, evidence
suggests that response to viral invasion is regulated by a distinct chemokine expression profile involving more
CC chemokines than CXC chemokines. Moreover, among the CC chemokines, CCL3 and CCLS5 appear to
be most commonly implicated in viral respiratory disease. Most data available in this field have been derived
from in witro studies, as well as studies conducted in animal models with limited evidence obtained in settings
of actual human disease. In the present review, we focus on the diagnostic, prognostic, and therapeutic potential
of virus-induced chemokine activity as reflected by studies conducted in actual disease states, either in animal
models or humans. We further discuss whether these data advocate chemokines as a realistic clinical tool for

the management of viral infection.
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ABBREVIATIONS: IFN, interferon; kDa, kilodaltons; NK, natural killer; TNF, tumor necrosis factor;
DARC, Dufly antigen receptor for chemokines; RSV, respiratory syncytial virus; LPS, lipopolysaccharide;
FMLP, formyl-methionylleucyl-phenylalanine; IL, interleukin; BAL, bronchoalveolar lavage; HMPV, Hu-
man metapneumovirus; SARS, severe acute respiratory syndrome; ELR, glutamic acid-leucine-arginine; Th,
T helper; ELISA, Enzyme-linked immunosorbent assay; RT PCR, Reverse transcription polymerase chain
reaction; qPCR, quantitative real-time polymerase chain reaction; RPA, RNase protection assays; ELISPOT,

enzyme-linked immunosorbent spot.

I. INTRODUCTION
A. Host Defense Against Viral Infections

‘The human body responds to any type of biological
offence by activating two distinct defense mecha-
nisms. The first line of defense, known as innate
immunity, comprises a number of nonspecific
effectors that act early in the course of the infec-
tion to limit the spread of the infecting agent. In
innate immunity, rapid response necessitates the
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use of general motifs for the purpose of non—self
recognition.'® 'Thus, during microbial invasion,
certain substances that are common products of
microbial pathogens such as endotoxin, flagellin,
peptidoglycans, single- or double-stranded RNA,
and unmethylated DNA containing motifs that
are uncommon in the human genome, activate
cellular toll-like receptors on macrophages, den-
dritic cells, and other cells to initiate the innate
immune response. Therefore, the innate response
is not specific; nevertheless it is rapid because it
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does not require cellular proliferation.! In contrast,
activation of adaptive immunity requires highly
specific recognition that necessitates a clonal dis-
tribution of the involved receptors and therefore
a delay in activation due to the time required for
clonal expansion and differentiation.!”

In the context of viral infection, most cell types
in the body respond to invasion by secretion of type
1 interferons (IFN o/). Interferons directly induce
antiviral activities in uninfected, neighboring cells,
preventing viral spread. Interferons are also capable
of activating natural killer cell-mediated cytotoxicity
toward virus-infected cells and contributing to the
rotation of the adaptive-immune response towards
a'T helper cell type 1 direction via the stimulation
of IFN-y expression.

The cellular antiviral response is initiated by
the activation of NK cells, which eliminate infected
cells directly and also activate other cells of the
innate- and adaptive-immune system through
the production of cytokines, including IFN-y.
IFN-y activates macrophages that participate in
the antiviral response through the production
of free radicals and pro-inflammatory cytokines
as well as by functioning as antigen-presenting
cells. Macrophages further contribute to antiviral
defence via phagocytosis of extracellular virus and
apoptotic cells.> Dendritic cells are the main
antigen-presenting cells and play a pivotal role in
the orchestration of the specific immune response.
Furthermore, they participate in the coordination
of the inflammatory response, through the produc-
tion of cytokines and chemokines. Dendritic cells
are the main source of type 1 IFNs during viral
infections.>”

Another prominent response to viral infection
is the expansion and activation of CD4- and CD8-
positive T cells, which play key roles in antiviral
immunity. CD8-positive cells have a direct eftector
role through cytotoxic T lymphocyte-mediated
lysis. These cells further produce cytokines, such
as IFN-y and TNF-a, and chemokines, which
modulate the immune response and attract the
appropriate leukocyte subsets to infected areas. The
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role of CD4-positve T cells in antiviral immunity
is highly dependent on the production of cytokines,
particularly IFN-y, and on the cytolytic activity
exerted by a subset of CD4-positve T cells.>>
Activation, coordination, and regulation of
the above-described antiviral response are medi-
ated by complex mechanisms, in which cytokines
play important roles. Within the large group of
cytokines, the subgroup of chemotactic cytokines,
also known as chemokines, is also currently known
to be involved in the defense against viral infec-
tions. Moreover, chemokines, in some instances,
are considered to be important mediators of the
immunopathology associated with viral infec-

tion.%’

B. Chemokines

Chemokines are small, secreted chemoattractant
proteins (approximately 8-17 kDa) that serve as
regulatory molecules in leukocyte chemotaxis and
activation.! Chemokines share substantial homol-
ogy and most importantly, a conserved tetracysteine
motif. They are classified into four subfamilies based
on the number and structural arrangement of the
conserved cysteine residues within their amino-
terminal polypeptide sequence. CXC chemokines
possess a single amino acid separating the two
amino-terminal cysteine residues of the protein,
whereas CC chemokines lack this type of amino
acid sequence. CX3CL1 is the only member of the
CX3C subfamily and has three amino acids sepa-
rating the two amino-terminal cysteine residues.
Finally, XCL1 and XCL2 are the only currently
known members of the C subfamily that lack two
of the four conserved cysteines in the final pro-
tein.® The complicated nomenclature used for the
identification of each member created confusion in
the scientific literature. A revised nomenclature was
introduced in 1999 based on the protein structure
of chemokines. The latter nomenclature is used
throughout this manuscript.®
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Chemokines promote cell activation and
chemotaxis by interacting with specific seven-
transmembrane G-protein coupled cell-surface
receptors on target cells. Chemokines promote
chemotaxis through the development of a chemot-
actic gradient that mobilises the inflammatory
cell toward an area of increased chemokine
concentration. In vivo, the chemotactic gradient
may be generated by the binding of chemokines
to basement membrane proteins. This gradi-
ent aids in transferring cells toward the site of
inflammation and retaining them once they have
reached the inflamed area. Chemokines interact
with their receptors on the cell surface leading
to the generation of an intracellular signal via
the G-protein complex, and subsequently to cell
chemotaxis towards a chemokine gradient.’!2
Cell movement and migration are driven by the
dynamic remodelling of the actin cytoskeleton.
In chemotaxis, chemokine gradients strongly bias
actin assembly to the leading edge of the cell
and, thus, the direction of cell movement. Decoy
receptors, also known as interceptors (internal-
izing receptors), bind ligands with high affinity
but do not trigger signal transduction. Three decoy
receptors have been identified: D6, DARC, and
CCX-CKR.? Chemokine receptor CCX-CKR
is a scavenger of CCR7 ligand chemokines, while
D6 is thought to act as a chemokine scavenger
for proinflammatory CC chemokines. DARC
is considered a decoy receptor for both CC and
CXC motif chemokines. It is speculated that decoy
receptors act as a clearing system balancing local
concentrations of chemokine ligands; nevertheless,
their exact biological role remains to be elucidated.
Chemokines also interact with glycosaminoglycans
as a part of the presentation process of chemokines
on endothelial layers and for leukocyte migration
in vivo. b2

Inflammatory cells represent both the main
source and the main target of chemokines. How-
ever, most human cellular populations have been
reported to be capable of producing or respond-
ing to certain chemokine ligands. This applies
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to respiratory epithelial cells, particularly after
exposure to pathogens. Upper and lower respiratory
epithelial cells exposed to RSV have been shown
to alter their chemokine expression profile. The
existence of distinct genetic responses to different
types of airway-derived epithelial cells has been
also reported.!31*

An unusual characteristic of most chemokine
receptors is their high affinity for multiple ligands
and vice versa. Chemokines can also dimerize while
their receptors also form dimers and/or higher-
order oligomers at the cell membrane. Moreover,
tunctional studies indicate substantial synergy
between chemokines. Synergic action augments
target cell chemotaxis and activation.®

Regarding the mechanisms involved in the
regulation of chemokine gene expression, special
interest should be focused on post-transcriptional
regulation. A wide spectrum of stimuli has been
found, in different cell types, to trigger changes in
the mRNA turnover of a number of chemokines,
as follows: proinflammatory and immunomodula-
tory cytokines, such as TNF-a, IL-1,IL-4, IFN-y
and IL-10; stress-related signals, such as hypoxia;
infectious agents, such as viruses or bacterial-
derived products such as lipopolysaccharide (LPS)
or formyl-methionylleucyl-phenylalanine (FMLP)
and other stimuli, such as nitric oxide and activated
protein C.1718 Of note is that T-cell-derived prod-
ucts selectively expressed in polarized inflammatory
responses, such as IFN-y and IL-4, may utilize
post-transcriptional pathways to exert opposite
effects on the chemokine gene expression. For
example, in human monocytes, IFN-y has been
found to upregulate the expression of CXCLS
by increasing in mRNA stability. On the other
hand, in the same cell type, IL-4 downregulates
CXCLS8 expression by decreasing the half-life of
its mRINA.19-20

The levels of chemokines in body fluids/tis-
sues or culture supernatants can be measured by
a variety of assays as shown in Table 1.
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TABLE 1. Assays Used for the Measurement of
Chemokine Levelsin Body Fluids/Tissues or Culture
Supernatants

Measurement of chemokines in culture supernatants and
serum

ELISA/Colorimetric methods/bioassays for soluble
receptor levels

Chemokine production of different populations of immune
cells

Flow cytometric analysis

Differential gene expression technologies for transcripts
for chemokines/chemokine receptors, chemokine gene
profiling
mRNA-based assays (RT-PCR, gPCR, Northern-blot,
RPA, gene array analysis)

Single cell assays for chemokine secretion
ELISPOT

ELISA, enzyme-linked immunosorbent assay; RT PCR,
reverse transcription polymerase chain reaction; qPCR,
quantitative real-time polymerase chain reaction; RPA,
RNase protection assays; ELISPOT, enzyme-linked
immunosorbent spot.

C. Chemokines in Virally Induced
Respiratory Tract Infection

Viruses are the most common cause of respira-
tory tract disease and represent a major public
health problem in all age groups. The implication
of chemokine pathways in the course of viral
respiratory tract infection has been substantiated
through evidence derived from in witro studies,
studies in animal models, and detection of soluble
chemokines in actual human disease. These data
suggest that response to viral invasion is regulated
by a distinct chemokine expression profile. How-
ever, several deviations from this profile indicate
a virus-specific pattern, at least for some types of
infection.??2 For instance, serum levels of CCL5
are reportedly high in RSV-infected children but
not in influenza virus-infected patients.” As a
general rule, it appears that the expression of CC
chemokines dominates over that of CXC chemok-
ines, while among the CC chemokines, CCL3 and
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CCLS5 appear to be almost invariably associated
with viral infections. Among these, CCLS5 is the
most extensively studied with respect to molecular
mechanisms governing virus-induced chemokine
expression. Concerning the less expressed CXC
chemokines, CXCL9 and CXCL10 are those most
commonly associated with viral infection.?:?

Another noteworthy observation is that
chemokine pathways are activated in the course
of viral infection, although not necessarily in
favor of the host. Viruses are capable of exploit-
ing chemokine pathways through chemokine
mimicry to facilitate viral propagation.?* Tripp
et al. demonstrated that the interaction of viral
G glycoprotein with CX3CR1 plays a crucial
role in the pathogenesis of RSV infection.” In
a nonglycosylated, central conserved region, G
glycoprotein contains a CX3C chemokine attach-
ment motif at amino acid positions 182-186. Due
to this structural similarity, G glycoprotein has
the ability to interact with the CX3C chemokine
receptor. This interaction appears to have at least
two important roles in the pathogenesis of RSV
infection. First, G glycoprotein, through bind-
ing to CX3CR1, facilitates infection. Secondly,
this interaction appears capable of modifying the
host’s immune response.?* More than 30 virally
encoded chemokines and chemokine receptor
mimics have been recognized to date. Therefore,
certain chemokines, although potentially contrib-
uting to antiviral activity, may also fuel the host
response responsible for the pathology of acute
or chronic viral disease.?* Thus, in this review, we
present data on chemokine involvement in viral-
induced respiratory tract infection. Our search
was limited to data derived from animal models
of human disease and data derived from actual
human disease focusing on the potential role of
chemokines as prognostic and diagnostic markers
or therapeutic targets.
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Il. CHEMOKINES IN VIRALLY INDUCED
RESPIRATORY INFECTION: DATA FROM
ANIMAL MODELS

Among members of the Paramyxoviridae family,
RSV is characterized as the most important patho-
gen causing serious lower respiratory tract disease
in infants, young children, as well as the elderly and
immune-compromised individuals, worldwide.?®
Despite its high prevalence, the pathogenesis of
RSV infection is not yet fully understood. Studies
in animal models have highlighted the biology of
RSV infection and have provided important infor-
mation concerning the indistinct balance between
host immunity and disease pathogenesis. Several
of these studies have demonstrated enhanced
chemokine activity modulating cell recruitment
and infiltration to the inflammation site, while
evidence suggests that the pattern of upregulated
chemokines affects the balance between virus clear-
ance and exacerbation of the disease, leading to
more severe RSV infection.?” The BALB/c mouse
is the most preferable animal model employed
due to its close similarity to humans in respect to
the pathogenesis of RSV-induced lower respira-
tory disease.?® In 2001, Haeberle et al. provided
the first direct evidence that RSV infection may
induce lung inflammation via the early produc-
tion of inflammatory chemokines. These authors
demonstrated that the intranasal infection of
BALB/c mice with RSV-A results in an inducible
expression of lung chemokines including CXCL2,
CXCL10,CCL5,CCL11,CCL3,CCL4, CCL2,
and XCL1.%? Miller et al. further demonstrated that
viral replication is necessary for optimal chemokine
production, while Culley et al. directly correlated
the chemokine expression pattern by prior sensi-
tisation to individual RSV proteins.3®3! Among
the induced chemokines in the course of RSV
infection, CCL5 and CCL2 have been associated
with severe RSV bronchiolitis and post-infection
airway hyper-responsiveness.’>3 A correlation of
CCLS5 production in RSV-infected mice with the

subsequent development of allergic airway inflam-
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mation has also been reported by several research
groups.3*37 On the other hand, Tekkanat et al.
reported that RSV-infected animals treated with
the anti-CCLS5 antibody demonstrated a significant
decrease in airway hyperreactivity and an increase
in IL-12 production. These authors also demon-
strated that CCL5 production was regulated by
IL-13, a cytokine that was correlated with RSV-
induced hyperreactivity in the utilised murine
model.3? Culley et al. similarly used a murine
model to further investigate the timing of CCL5
production in association with the pathology of
the viral disease. The authors concluded that the
role of CCLS5 both in the recruitment of inflam-
matory cells and in controlling virus infection is
time dependent and this may complicate the use
of chemokine blockers as potential therapeutic
agents in viral lung diseases.*

CCL3 is a cell-specific chemokine that
attracts eosinophils to the site of infection. It is
an important mediator of virus-induced inflam-
mation in vivo. CCL3 has also been implicated
in airway hyperreactivity. Haeberle et al. were the
first to investigate the role of CCL3 as an airway
inflammatory mediator in mice with gene dele-
tions of CCL3. These mice had significantly less
lung inflammation and milder clinical manifesta-
tions than the wild-type strain.?? Matsuse et al.
studied the effect of recurrent RSV infections in
allergen-sensitized mice. They demonstrated that a
secondary RSV infection increases the expression
of CCL3 in the lung tissues of allergen-sensitized
mice and persistently enhances airway responsive-
ness.%’

Another chemokine that represents a selective
eosinophilic chemotactic mediator is CCL11. Mat-
thews et al. used a mouse model to investigate the
role of CCL11 in the pathogenesis of eosinophilic
RSV-induced bronchiolitis. They concluded that
treatment with anti-CCL11 greatly reduces lung
eosinophilia and disease severity.*°

Tripp et al. studied mice infected with either
wild-type RSV or an RSV mutant lacking G or
SH genes, comparing the chemokine response
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on each occasion. They reported that the G and/
or SH protein expression was associated with
reduced CCL2, CCL3, and CCL4 mRNA
production from bronchoalveolar lavage (BAL)
cells.*t The CCR1 and CCRS receptors of these
chemokines are mostly expressed on Th1 cells. The
authors concluded that the G and/or SH protein
expression may weaken Thl immune responses
mediated by CCL2, CCL3, and CCL4, sug-
gesting that these chemokines are important in
RSV immunity or disease pathogenesis. The same
group demonstrated that the RSV glycoprotein
G has structural similarities with the CX3CL1
chemokine and that it is capable of interacting
with its receptor, CX3CR1. These authors also
demonstrated that the G glycoprotein competes
with CXCL1 for binding to CX3CR1 and inhibits
CXCL1-mediated leukocyte chemotaxis, facilitat-
ing viral infection.?> Additional studies in murine
models have shown that the immune response to
primary RSV infection is characterized by a mixed
Th1/Th2-type cell response. CX3CL1 is a potent
mediator for Th1 and NK cell responses, because
these cell types express high levels of CX3CR1.%
Tripp et al. further hypothesised that modification
of the CX3CL1-mediated immune responses by
RSV G glycoprotein may alter the Thil-type cell
and NK cell responses and affect the pattern of
chemokine expression. To test their hypothesis,
the investigators assessed (BAL) leukocytes from
BALB/c mice infected with an RSV mutant lack-
ing G and SH genes. They reported that these
mice express increased Thl-type cytokines and
increased CC and CXC chemokine mRNAs, and
that they have increased numbers of pulmonary
NK cells compared to wild-type-infected mice.®
Moreover, Tripp et al. reported that the absence
of the G glycoprotein or G glycoprotein CX3C
motif during FI-RSV vaccination or RSV chal-
lenge of FI-RSV-vaccinated mice, or treatment
with anti-substance P or anti-CX3CR1 antibod-
ies, reduces or eliminates enhanced pulmonary
disease, modifies T-cell receptor Vf usage, and

alters CC and CXC chemokine expression. The
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authors suggest that the G glycoprotein, and in
particular the G glycoprotein CX3C motif, is an
essential mediator in the enhanced inflammatory
response to FI-RSV vaccination, possibly through
the induction of substance P.*

Human metapneumovirus (HMPV) is a newly
identified member of the Pneumovirinae subfamily
of Paramyxoviridae that can cause severe respiratory
disease, particularly in infants and young children
and in the elderly with concomitant conditions.*
Currently, many factors involved in the develop-
ment of disease, such as HMPV-related immunop-
athogenesis and possible viral persistence, remain to
be determined.***” Several studies conducted using
animal models of HMPYV infection demonstrated
that the production of inflammatory chemokines
play a crucial role in the immunopathogenesis of
HMPYV disease. Huck et al. investigated immune
induction in BALB/c mice infected either with
HMPYV or RSV.'They reported higher CCL2 levels
in the BAL of HMPV-infected mice compared
to RSV-infected ones.*® Guerrero-Plata et al. also
compared chemokine production in BALB/c mice
infected either with HMPV or RSV.These investi-
gators demonstrated different chemokine patterns
in the airways of each group of virus-infected
mice, with HMPV being a stronger inducer of
the CXCL1 murine analogue production than
RSV.# In a recently published study, Herd et
al. investigated virus-directed cellular immunity
induced by HMPV infection in a murine model
and found an increased pulmonary expression of
CCL3, CCL4, CXCL9, CXCL10,and CX3CL1
chemokines.*"

Parainfluenza and influenza viruses share many
clinical and immunologic features. Infection with
these viruses has been associated with the develop-
ment of a wide range of clinical diseases ranging
from mild upper respiratory tract illness to severe
bronchiolitis and pneumonia. Infection by parainflu-
enza or influenza virus has been also associated with
the likelihood of developing asthma later in life.>1>?
Evidence derived from animal models implies an
association between chemokine activity and the
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clinical severity of the influenza virus infection. To
clarify the development of the cell-mediated immune
response to influenza A virus, Wareing et al. exam-
ined the chemokine expression pattern in lung tissue
from A/PR/8/34-infected C57BL/6 mice. They
reported the upregulation of CCL2, CCL3, CCLA4,
CCL20, CCL5, CXCL2, and CXCL10 mRNA
expression between post-infection days 5 and 15.
The authors concluded that the detected chemokines
play a role in the regulation of leukocyte trafficking
to the lung during influenza infection.*®

Human rhinovirus is a member of the Picor-
naviridae family. It is responsible for the majority
of virus-induced asthma exacerbations. The major
group serotypes bind to intercellular adhesion
molecule 1.°* Studies in mouse models have
been conducted to clarify the proinflammatory
molecules implicated in airway inflammation and
subsequent hyper-responsiveness.>>>¢ Nagarkar
et al. used a CXCR2-knockout mouse model
infected with human rhinoviruses to determine
the role of CXCR2, the receptor for ELR-positive
CXC chemokines, in the course of rhinovirus-
induced airway infection. The authors concluded
that CXCR2 is required for neutrophilic airway
inflammation and hyperresponsiveness following
rhinovirus infection.’” To further determine the
immunologic mechanisms underlying rhinovirus-
induced asthma exacerbations, Nagarkar et al.
infected a murine model of allergic airway disease
with human rhinoviruses. These authors reported
that augmented airway eosinophilic inflammation
and hyperresponsiveness is directed, in part, by the
CCL1 chemokine.*®

Human adenovirus underlies a wide range
of upper and lower respiratory tract infections in
children, while it is a common cause of more aggres-
sive respiratory disease in immunocompromised
patients. A potential long-term consequence of
persistent adenovirus infection is an increased risk
tor the development of asthma and chronic obstruc-
tive pulmonary disease.”! A variety of models
have been used to study chemokine responses to
adenovirus infection. In vitro systems have used
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infection of cell lines with adenovirus or transduc-
tion with adenoviral vectors. An ex vivo lung slice
model has also been used to examine chemokine
responses to adenoviral infection. The majority of
these studies have confirmed the upregulation of
CXCLB8.%2 Relatively few studies have used animal
models to examine chemokine responses in respira-
tory infection with human adenovirus, while iz vivo
studies of human adenovirus pathogenesis relative
to chemokine production are not yet available. In
the broader investigation of chemokine profile
post-respiratory adenoviral infection, Weinberg
et al. reported that the intranasal inoculation
of adult C57BL/6 mice with mouse adenovirus
type 1 resulted in the upregulation of a broad
spectrum of chemokines. However, the authors
observed a certain time profile, with CXCL10
and XCL1 reaching higher levels at day 7 post-
infection, whereas levels of CCL3, CCL4 and
CCLS5 expression peaked at day 14. CCL2 and
CCL1 expression was increased to similar levels
at days 7 and 14.%

Ill. CHEMOKINES IN VIRUS-INDUCED
RESPIRATORY INFECTION: DATA FROM
HUMAN DISEASE

Chemokines have been identified in the blood,
but they also in the upper and lower respiratory
secretions in the course of viral respiratory infection
in humans. Efforts have focused on the detection
of a particular chemokine expression pattern that
may be used for the differential diagnosis of viral
and nonviral respiratory disease. There are also data
indicating that the chemokine expression pattern
can differ even among different viral pathogens
in the course of respiratory disease (Table 2).1>
6487 Respiratory syncytial virus has been the most
extensively studied virus in infants and young
children, while coronavirus related to severe acute
respiratory syndrome (SARS) has been mostly
studied in adult populations. Yet, data are limited,
and most are derived from small, single center, case-
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controlled studies. Most studies on RSV confirmed
the predominance of CC chemokines in respiratory
secretions in the course of viral infection, while a
predominance of the CXC family was documented
in coronavirus infection.

In respect to RSV-induced disease, Harrison et
al.investigated the chemokine expression pattern in
the lower airway secretions of 10 intubated infants
with RSV bronchiolitis and 10 control subjects.
They reported increased levels of CCL3, CXCLS,
and CCL5 in RSV patients, compared with the
control subjects.®” Bonville et al. also reported the
detection of chemokines CCL3 and CCLS5 in
nasopharyngeal secretions of paediatric patients
with upper respiratory tract infections, suggest-
ing further investigation of their role in disease
immunopathogenesis.® Tripp et al. demonstrated
a mixed Th1/Th2 cellular immune response and
predominant CC chemokine expression in children
hospitalized due to severe RSV disease.®

In respect to the chemokine response in the
course of coronavirus-induced SARS, Tang et al.
studied plasma samples from 255 patients with
SARS and proposed that the elevated plasma
levels of CXCL10 during the first week of SARS
symptoms were an independent predictor of adverse
disease outcome.”” Chien et al. demonstrated a
predominance of CXCL10 expression in serum
derived from patients infected with the SARS
coronavirus, compared with patients diagnosed
with community acquired pneumonia. In contrast,
the authors reported CXCL8 and CXCL9 to be
significantly elevated in CAP patients, but not
in SARS patients, compared with the levels in
healthy controls.”

Sumino et al. assessed 27 inflammatory
mediators in patients presenting with serious acute
respiratory illness.®® The presence of a respiratory
virus—predominantly rhinovirus—was associated
with increased levels of CXCL10 and CCL11.
Arankalle et al. investigated the role of host immune
response in the differential outcome of a pandemic
H1N1 influenza virus infection in Indian patients

Amanatidou et al.

and correlated disease severity with increased plasma

levels of CCL3 and CCL4.%4

IV. DISCUSSION

A. Diagnostic and Prognostic Potential
of Chemokines

Multiple functions have been attributed to
chemokines, most notably leukocyte activa-
tion, accumulation and migration. Given these
properties, it is to be expected that chemokines
contribute significantly to the ability of the host
to orchestrate an anti-inflammatory response and
fight infections.

Our knowledge of the role of chemokines in
the course of viral infections is evolving; however,
a clear picture remains to emerge. The available
data suggest that several chemokine receptors
and their ligands support viral clearance and in
some cases, underlie immunopathology. However,
the complexity of the chemokine system makes it
difficult to predict the role of one specific chem-
okine or chemokine receptor during infection. This
complexity is reflected in the multiple sources of
chemokines in the course of a disease; the fact that
cellular populations can be both a source and a
target of a specific chemokine ligand, the multiple
levels involved in the regulation of chemokine
activity, particularly regarding decoy receptors,
and the ability of chemokines to form dimers
and act in synergy with each other. Moreover,
the mainstream theory proposes that chemokines
act in “a collaborative network” in the course of
a disease. The latter theory suggests that different
chemokines might be upregulated at different time
points depending on the level of immune activity
and the type of cells that are to be recruited in the
inflamed area. Most likely this theory applies to
viral infection as well. In fact, in a murine model
of RSV-induced lower respiratory tract infection,
Culley et al. demonstrated a dynamic change in
chemokine expression.338 These authors reported a

biphasic response for CCL11 and CCLS5 consisting
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of an early phase, probably associated with resident
cells and a later phase, characterized by an influx of
lymphocytes. The complexity of chemokine activity
suggests that secreted levels of chemokines may
differ depending on the phase of the disease and
the type of immune activation. This characteristic
may be a serious limitation of chemokine-based
diagnostic tools. Moreover, taking into account the
complexity of chemokine activity, the discovery of
a single-chemokine-based marker with prognostic
or diagnostic potential also seems a utopia. Indeed,
most available studies seeking a single-molecule
marker have failed to identify a clinically applicable
marker of viral infection.

B. Therapeutic Potential

No data are currently available on the safety and
efficacy of chemokine-based therapies in viral-
induced respiratory disease derived from human
studies.

According to animal-derived data, CCL5/CCR5
interaction may be a promising therapeutic target
in the field of RSV-induced lower respiratory tract
disease. The blockade of this pathway has already
been tested in humans in other disease states. CCR5
monoclonal antibodies have been shown to be effective
in avoiding T cell infection by CCR5-tropic HIV-1.
Other chemokine receptor antagonists are currently
under clinical evaluation as therapeutic targets in
other nonviral inflammatory diseases; for example, the
efficacy and safety of CCR1 antagonists have been
evaluated for the treatment of rheumatoid arthritis.®
A monoclonal antibody blocking the binding of
CCL2 to CCR2 was also tested for the treatment
of rheumatoid arthritis.?” At least theoretically, the
previous data suggest that antibodies able to block
the interaction between chemokine ligands and
receptors, such as the CCR5/CCLS5 interaction in
RSV disease, could decrease lung inflammation and
improve outcomes.

Nevertheless, as in any immune-modulating
therapeutic approach, several drawbacks need to
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be considered. First, tolerability and safety issues
for a potential therapeutic agent that blocks a non-
specific chemotactic pathway need to be addressed.
Secondly, chemokines are an important mediator of
several aspects of the immune response. Therefore,
the complete blockade of a chemokine signalling
pathway may not be desirable. Thus, techniques
need to be applied to ensure the localized and
reversible blockade of chemokine pathways.

C. Perspectives

The available data in the scientific literature do
not appear to support the role of chemokines
either as diagnostic markers or therapeutic targets.
The chemokine network is extremely large and
ambiguous and has been only partly investigated.
Future studies should therefore assess chemokine
response as a whole as opposed to investigating
the response of each independent molecule. Until
recently, technical limitations prevented research-
ers from assessing chemokines as a network and
research focused on target-gene/protein analysis.
However, genome-wide analysis has made the
identification of certain chemokine responses
teasible. The identification of a chemokine pat-
tern versus a single molecule as a prognostic and
diagnostic marker in viral diseases seems to be a
more promising hypothesis. Moreover, a better
understanding of the activation of the chemokine
network might also reveal new potential therapeutic
targets. However, this would require significantly
powered prospective cohorts assessing hard clinical
endpoints in the course of viral infection.
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