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Abstract
CC chemokine ligand 18 (CCL18) was originally discovered as pulmonary and activation-regulated
chemokine (PARC), dendritic cell (DC)-chemokine 1 (DC-CK1), alternative macrophage activation-
associated CC chemokine-1 (AMAC-1), and macrophage inflammatory protein-4 (MIP-4). CCL18
primarily targets lymphocytes and immature DC, although its agonistic receptor remains unknown
so far. CCL18 is mainly expressed by a broad range of monocytes/macrophages and DC. A more
profound understanding of the various activation programs and functional phenotypes of these
producer cells might give a better insight in the proinflammatory versus anti-inflammatory role of
this CC chemokine. It is interesting that CCL18 is constitutively present at high levels in human
plasma and likely contributes to the physiological homing of lymphocytes and DC and to the
generation of primary immune responses. Furthermore, enhanced CCL18 production has been
demonstrated in several diseases, including various malignancies and inflammatory joint, lung, and
skin diseases. The lack of a rodent counterpart for human CCL18 sets all hope on primate animal
models to further elucidate the importance of CCL18 in vivo. This review will address these different
aspects in more detail.
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INTRODUCTION
Chemokines constitute a family of chemotactic cytokines that act through seven-
transmembrane domain G protein-coupled receptors on their target cells [1–3]. According to
the organization of their NH2-terminal Cys residues, chemokines are structurally divided into
the CC, CXC, CX3C, and C chemokines. Chemokines are key players in directing the migration
and the activation of leukocytes throughout the body, under physiological and
immunopathological conditions. Furthermore, they are involved in various other processes,
including angiogenesis, hematopoiesis, tumor growth, and metastasis. A first wave of
chemokines was mainly identified on the basis of their chemotactic properties [4]. These
chemokines are in general highly inducible in multiple cell types and are responsible for the
leukocyte infiltration at sites of inflammation. A second generation of chemokines has been
discovered since 1996 through bioinformatics. These chemoattractants are mostly implicated
in the homeostatic trafficking of lymphocytes and dendritic cells (DC) to those specific tissues
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where they are constitutively expressed. However, some of these second-generation
chemokines, such as the CC chemokine ligand 18 (CCL18), apparently belong to the
inflammatory/inducible as well as the constitutive/homeostatic chemokines, depending on the
circumstances [4]. This review will focus on the constitutive versus regulated expression
pattern of CCL18 and on the biological activities of this CC chemokine under physiological
and pathological conditions.

DISCOVERY OF CCL18
By searching the public GenBank expressed sequence tag (EST) database with the cDNA
sequence of the human CC chemokine CCL3, Hieshima et al. [5] identified a series of partial
cDNA sequences, encoding a polypeptide with significant (64%) sequence identity to CCL3.
The full-length cDNA of this new CC chemokine was obtained from human fetal lung. The
finding that this chemokine was constitutively expressed at high levels in human lung together
with its inducible expression in some human cell lines led to the designation pulmonary and
activation-regulated chemokine (PARC). Analogously, Wells and Peitsch [6] discovered, by
means of computer-assisted analysis of the EST database, a sequence coding for a new CCL3-
like polypeptide, which they named macrophage inflammatory protein-4 (MIP-4).
Independently, PARC was also cloned from a cDNA library of monocyte-derived DC and from
a cDNA library of macrophages alternatively activated by interleukin (IL)-4 and
glucocorticoids (GC) and nominated DC-chemokine 1 (DC-CK1) and alternative macrophage
activation-associated CC chemokine-1 (AMAC-1), respectively [7,8]. Furthermore, Guan et
al. [9] isolated, through exon trapping of genomic fragments close to the CCL3 gene, the gene
for a novel CCL3-like chemokine, which corresponded to MIP-4. Following the new
systematical chemokine nomenclature, PARC/MIP-4/DC-CK1/AMAC-1 has been renamed
CCL18 [2].

STRUCTURE OF CCL18 GENE
The CCL18 gene was mapped to the major human CC chemokine gene cluster at chromosome
17q11.2, most closely (16 kb) to the CCL3 gene within the subcluster, where other genes of
the MIP family of chemokines (e.g., CCL4) are located [5,9,10]. The CCL18 gene is featured
by the three-exon/two-intron structure conserved among most CC chemokines [9–11].
However, the CCL18 gene is extremely long (7.2 kb vs. general size of 2.0–3.0 kb) as a result
of the length of the first intron (6.0 kb), which contains two pseudoexons (Fig. 1). This
characteristic, together with the presence of two subsequent regions within the CCL18 gene
sharing high-sequence similarity with the CCL3 gene, suggests that the CCL18 gene may have
been generated by fusion of two CCL3-like genes with deletion and selective use of some exons
(Fig. 1) [10]. Base changes before and after the fusion event might have adapted the gene to a
new function.

As mice appear to contain fewer chemokine genes than humans (e.g., only one murine CCL3
gene in contrast to the existence of several human CCL3-like genes), the gene duplications
potentially leading to the CCL18 gene and other CCL3-like genes are likely to have occurred
after the diversification of rodents and primates. Indeed, no CCL18 homologue has been found
in rodents so far. However, cDNA derived from primate lungs has been shown to hybridize
with human CCL18 cDNA present on a microarray, and reverse transcriptase-polymerase chain
reaction (RT-PCR)-amplified products were obtained from monkey pulmonary tissue with the
use of human CCL18-specific primers [12]. These findings suggested the existence of a primate
counterpart for human CCL18. Recently, rhesus macaque CCL18 was cloned and displayed
90% amino acid sequence identity relative to its human homologue [13].

In the promoter region, the sequences 5′ upstream from the TATA box of the CCL3 gene are
not well-conserved in the CCL18 gene, which could explain in part a differential expression
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pattern of the two chemokines [10]. Further analysis revealed the presence of a combined signal
transducer and activator of transcription-1 (STAT1)/STAT6-binding element in this part of the
CCL18 gene, suggestive for a competitive regulation of CCL18 expression by the interferon-
γ (IFN-γ)-activated STAT1 and IL-4-induced STAT6 transcription factors [11]. In addition,
the CCL18 promoter contains two putative activator protein-1 and CAAT/enhancer-binding
protein (C-EBP) regulatory elements. It has been demonstrated that transcriptional activation
of IL-4-dependent genes requires binding of STAT6 and C-EBP to their respective binding
elements. The 3′ noncoding region of the CCL18 gene seems to contain nonconsensus
polyadenylation signals (TATAAA or AATATA) instead of the canonical AATAAA motif
[5,7]. Moreover, it lacks the AT-rich mRNA destabilization signals.

STRUCTURE OF CCL18 PROTEIN
CCL18 contains an open-reading frame encoding a polypeptide of 89 amino acids. Cleavage
of the proposed NH2-terminal hydrophobic signal sequence (20 residues) could give rise to a
mature protein of 69 amino acids, lacking a putative N-glycosylation site, with a calculated
molecular weight of 7851.2 and an isoelectric point of 9.21 (Table 1) [5,7–9]. The use of the
predicted cleavage site was confirmed by the fact that the sequence of purified recombinant
CCL18, produced in insect or COS cells, started with the suggested Ala residue (position 21
of the precursor protein) [5,7]. Isolation of natural human CCL18 from various sources revealed
the occurrence of processed CCL18 isoforms in addition to unglycosylated, intact CCL18(1–
69) [14–16]. Indeed, CCL18(1–68), lacking the COOH-terminal Ala, was copurified with
CCL18(1–69) from human plasma from healthy donors and from ascitic fluid from ovarian
carcinoma patients, whereas the NH2-terminally truncated isoforms CCL18(3–69) and CCL18
(4–69) were isolated together with intact CCL18 from the conditioned medium from stimulated
peripheral blood mononuclear cells (PBMC) [14–16].

The mature CCL18 protein is most closely related to CCL3 (64% identical amino acids) and
CCL4 (48%; Table 1). Sequence alignment and computer-assisted, three-dimensional
modeling (based on high homology with CCL4) of the CCL18 protein revealed the typical
structural characteristics of CC chemokines, including the presence of four positionally
conserved Cys residues and a rigid core consisting of a short helical turn followed by a three-
stranded, antiparallel β-sheet and a COOH-terminal α-helix. In contrast, the flexible NH2-
terminal region preceding the CC motif is considerably different in CCL18 in comparison with
other mature CC chemokines [8]. This domain is likely involved in the second phase of the
hypothesized “two-step mechanism of chemokine receptor activation”, namely in triggering
receptor signaling [17]. However, the region centered around Tyr at position 27 in mature
CCL18 is highly conserved among some other CC chemokines (e.g., CCL3, CCL4) and is
suggested to play a role in the initial binding of the ligand to its receptor, proposed to be the
first step in the activation of chemokine receptors [8,18].

IN VITRO BIOLOGICAL ACTIVITIES AND RECEPTOR USE OF CCL18
So far, CCL18 is known to trigger a biological response in vitro in T cells, B cells, DC,
hematopoietic progenitor cells, fibroblasts, and potentially, in monocytes/macrophages but not
in neutrophils (Table 2). The concentrations of CCL18 applied in these reports varied between
0.1 ng/ml and 1000 ng/ml. Helper T cells and cytotoxic T cells showed a similar responsiveness
to CCL18, whereas primarily naïve T lymphocytes responded to CCL18 instead of memory T
lymphocytes [7,9]. However, CCL18 also clearly bound 5–10% of skin-homing (CLA+)
peripheral blood memory T cells and CLA+ memory T cell lines and directed the migration of
the latter in vitro [19]. In addition, Lindhout et al. [20] claimed that CCL18 preferentially
attracted naïve or so-called mantle zone B lymphocytes above germinal center B cells.
Recently, immature monocyte-derived DC have also been shown to migrate toward CCL18,
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in contrast to the lack of responsiveness of mature DC [21]. Moreover, CCL18 stimulated
collagen production in lung fibroblasts through activation of the extracellular signal-regulated
kinase (ERK) pathway [23] and suppressed the proliferation of hematopoietic progenitors
[22].

The discrepancy in the NH2-terminal sequence preceding the CC motif between CCL18 and
CCL3 could at least partly explain their different spectrum of target cells and receptor
selectivity. It is remarkable that no agonistic receptor for CCL18 has been discovered so far.
The ability of pertussis toxin to abolish CCL18-responsive T cell and B cell chemotaxis as
well as ERK activation in fibroblasts nevertheless points to the involvement of Gαi proteins
and G protein-coupled receptors in mediating its biological activity [7,20,23]. Hieshima et al.
[5] demonstrated the specific binding of CCL18 to freshly isolated T lymphocytes, which was
not inhibited in the presence of CCL2, CCL3, CCL4, or CCL5. These data suggested that
CCL18 does not share receptors [e.g., CC chemokine receptor 1 (CCR1), CCR2, CCR3, or
CCR5] with these chemokines. However, Nibbs et al. [24] showed that CCL18 could
significantly inhibit CCR3-mediated eosinophil chemotaxis and calcium mobilization at
physiologically relevant concentrations (as low as 100 ng/ml). As CCL18 antagonized the G
protein coupling of CCR3 in the presence of CCR3 ligands but only marginally affected the
basal G protein coupling in CCR3 transfectants, CCL18 is considered a neutral CCR3
antagonist [25]. Alteration of the extreme NH2-terminal residue of CCL18 from Ala to Met
led to a more potent CCR3 antagonistic activity, whereas small changes at the COOH-terminus
did not influence this activity [24]. Indeed, the impact of minor modifications of proteins on
their biological activity can be drastic, especially for NH2-terminally processed chemokines
[26]. In this context, it has to be determined whether intact CCL18(1–69) can also activate
monocytes/macrophages, as Schraufstatter et al. [27] observed calcium mobilization, directed
migration, and actin polymerization in monocytes/macrophages kept in culture for 3–4 days
(but not in freshly isolated monocytes) in response to a recombinant CCL18 form having four
extra amino acids at the NH2-terminal part. Moreover, the chromatographical inseparability
of the different naturally occurring CCL18 isoforms (see above) impeded the screening for
changes in biological activity as a result of the observed NH2- or COOH-terminal cleavage
[14–16]. Nevertheless, the natural mixture of CCL18(1–69) and CCL18(1–68), as isolated
from ovarian carcinoma ascitic fluid in a 3:1 ratio, significantly attracted freshly isolated T
cells and immature DC [15,21].

Injection of CCL18 into human skin-transplanted severe combined immunodeficiency mice
induced the dermal recruitment of human skin-homing memory T cells after their intravenous
administration [19]. Furthermore, injection of synthetic CCL18 into the peritoneal cavity of
mice resulted in the in vivo accumulation of CD4+ and CD8+ T lymphocytes but not monocytes
or granulocytes 24 h later [9]. This chemoattraction in vivo confirmed some of the findings
obtained in vitro and indicated that unlike the ligand itself, the human agonistic receptor for
CCL18 might have a murine counterpart. This was corroborated by the in vitro migratory
capacity of murine B and T lymphocytes, preferentially with a naïve phenotype, toward human
CCL18 [28].

CCL18 EXPRESSION
With the use of multitissue Northern blot filters, CCL18 mRNA was initially shown to be
constitutively expressed at high levels in lung and at low levels in some lymphoid tissues such
as lymph nodes, thymus, and appendix [5]. In situ hybridization demonstrated CCL18
transcription in some alveolar macrophages in the lung and in DC in the T cell areas and
germinal centers of lymph nodes and inflamed tonsils [5,7]. Gene-expression profiling of the
tonsillar B cell compartments clarified that CCL18 expression was up-regulated in the germinal
centers compared with the mantle zones, where naïve B cells reside [29]. Immunohistochemical
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stainings revealed the constitutive production of CCL18 protein in some cells in the
periarteriolar lymphatic sheets in spleen and in the T cell areas of lymph nodes [20]. More
abundant expression of CCL18 protein was detected in the T cell areas and germinal centers
of inflamed tonsils [20]. The germinal center-located CCL18-expressing cells did not
correspond to tingible body macrophages or follicular DC and most likely represented the so-
called “germinal center DC”, to which a function in B cell proliferation, isotype switching, and
antibody production has been ascribed [20,30].

The spectrum of cellular sources for CCL18 was confirmed in vitro to be mainly restricted to
leukocytes, in particular, monocytic cells and DC (Table 3). Monocytes/macrophages were
shown to constitutively express only low levels of CCL18 [27,31,32], but the CCL18
production could be up-regulated in these cells by the classic macrophage activator LPS [5,
27,31,33,34] as well as by other microbial compounds (peptidoglycan and mannan) and by the
T cell-derived activation signal CD40-L [34]. Other reports claimed that CCL18 induction
required an alternative activation of the monocytes/macrophages by T helper cell type 2 (Th2)-
related cytokines, such as IL-4, IL-10, or IL-13, or by GC [7,8,32,35]. Furthermore, this IL-4
induced CCL18 transcription was inhibited in the presence of the Th1-associated cytokine IFN-
γ [8]. Alternatively activated macrophages, for which the immunosuppressive alveolar and
placental macrophages make good in vivo examples in normal individuals, are generally
polarized toward a high capacity for endocytic clearance, a reduced proinflammatory cytokine
secretion, and an enhanced release of anti-inflammatory mediators [44–46]. Different
environmental stimuli (e.g., IL-4/IL-13 vs. IL-10) are believed to elicit distinct functional
phenotypes of alternatively activated macrophages, resulting in their active participation in
humoral immunity, anti-inflammatory processes, tolerance induction, and/or tissue repair,
partly through the suppression of Th1-mediated immune responses [44–46]. Northern blot
analysis of isolated alveolar macrophages from healthy persons, smokers, and asthmatic
patients corroborated the aforementioned in vivo expression of CCL18 mRNA in these cells
[5,8]. In addition, blockade of the costimulatory pathway B7/CD28 in mixed lymphocyte
reaction cultures led to the generation of IL-10-producing, anergic T cells and of alternatively
activated macrophages [47]. The latter expressed CCL18 transcripts and suppressed T cell
responses in vitro. These results strengthened the view that alternatively activated macrophages
likely contribute to the induction of transplantation tolerance in vivo [47].

Our ELISA measurements demonstrated that CCL18 protein was spontaneously secreted by
PBMC after 48 h and that its release was enhanced selectively by staphylococcal enterotoxins
as well as by IL-4 [14]. Pivarcsi et al. [34] recently comfirmed at the transcriptional level the
superantigen-regulated CCL18 production by PBMC. Double immunohistochemistry
indicated that CD68+ monocytes/macrophages, rather than CD1a+ blood DC, were the major
CCL18-producing cells in enterotoxin-induced PBMC [14]. Furthermore, the CCL18 release
by enterotoxin- or IL-4-stimulated adherent monocytes/macrophages was enhanced
significantly in the presence of lymphocytes, cultured T lymphoblastoid cells, or T cell-
conditioned medium [16]. This points clearly to a role for T cell-derived factors in regulating
CCL18 production in monocytes/macrophages. Together, these findings also confirm that the
expression patterns of CCL18 and the structurally related CCL3 highly diverge, as suggested
by their different promoter regions. CCL3 was, for instance, induced in monocytes/
macrophages by LPS, but its production was inhibited by IL-4, IL-10, IL-13, and GC [5,8,
48,49]. It can be concluded that CCL18 is induced in a broad spectrum of monocyte/
macrophage subsets, ranging from classically to alternatively activated macrophages—the
latter ones likely assisting in Th2-mediated and/or immunosuppressive responses.

In vitro-generated, immature DC, generally derived from monocytes in the presence of GM-
CSF and IL-4, also constitutively expressed CCL18 mRNA and protein (Table 3). Together
with CXC chemokine ligand 8 (CXCL8), CCL3, CCL17, CCL19, and CCL22, CCL18
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represented, in fact, one of the most abundantly produced chemokines by these cells [21,34,
37,40]. However, it is still a matter of debate whether maturation of the immature DC causes
up-regulation [31,37–40] or rather down-modulation [8,21,36] of CCL18 expression. It is
interesting that immature DC might reach different activation/maturation stages depending on
the stimulatory agents within the microenvironment. Signals such as LPS, CD40-L, and FcR
triggering are believed to induce full maturation of DC, allowing efficient T cell priming. In
contrast, activated DC (e.g., by TNF-α in the absence of pathogens), which are characterized
by moderate expression of costimulatory molecules but only low release of proinflammatory
cytokines (such as TNF-α, IL-6, and IL-12), have been defined recently as semimature DC,
which can likely generate tolerance [50]. Maturation of DC in the presence of the T cell-derived
signal CD40-L did not affect or rather strongly down-regulated CCL18 expression [21,34,36,
37], whereas enhanced [31,37,38,40] and diminished [8,21,36] expression was contradictorily
obtained upon TNF-α or LPS treatment of immature DC. As for CD40-L, LPS, and TNF-α,
Vulcano et al. [21] also noticed reduced CCL18 release upon culturing of immature DC in the
presence of other pathogen-derived, DC-maturing agents such as S. aureus Cowan I, C.
albicans, and influenza virus. However, CCL18 production by immature or LPS- or CD40-L-
matured DC was not affected by blocking endogenous TNF-α [21]. In contrast, Van Lieshout
et al. [51] claimed that inhibition of endogenous TNF-α during LPS-mediated maturation of
monocyte-derived DC generated semimature DC, which expressed lower CCL18 mRNA levels
compared with cells fully matured with LPS. It is remarkable that alternative activation of
immature DC by prolonged culturing in the presence of the Th2 cytokines IL-4, IL-10, or IL-13
resulted in an increase in CCL18 transcription [35], whereas IFN-γ, a Th1-derived costimulator
of DC functions, suppressed CCL18 production [21]. In parallel with IL-10, VitD3 also up-
regulated CCL18 release, although two other inhibitors of DC differentiation and function,
namely the GC dexametasone and PGE2, surprisingly decreased CCL18 secretion [21].

Langerhans-type DC, derived in vitro from monocytes in the presence of GM-CSF and IL-4
as well as TGF-β and TNF-α, also constitutively produced large amounts of CCL18, albeit less
than the previously mentioned, immature DC, generated in vitro with GM-CSF and IL-4 only
[34]. In contrast, ex vivo-isolated Langerhans cells did not express CCL18, even after in vitro
maturation [35,37]. Although no immunoreactivity could be measured by ELISA, low levels
of CCL18 mRNA were detected in myeloid CD11c+ blood DC upon in vitro maturation with
monocyte-conditioned medium [37]. Other reports described a lack of CCL18 secretion by
myeloid and plasmacytoid blood DC, even after stimulation [52], unless the myeloid blood
DC were treated with IL-10 [21]. However, CCL18 mRNA and protein were expressed by
freshly isolated germinal center DC [20]. The heterogeneity of DC in terms of origin,
morphology, phenotype, activation stage, and function, in vitro and in vivo, suggests that
further exploration of the different DC populations might help clarify the expression pattern
and role of CCL18 in vivo and vice versa.

Compared with the more abundant CCL18 production by in vitro-generated DC and stimulated
monocytes and PBMC, lower CCL18 expression levels were also detected in activated
keratinocytes and dermal fibroblasts [34] as well as in eosinophils [27] and normal
chondrocytes [41].

POTENTIAL ROLE OF CCL18 IN HOMEOSTASIS AND PATHOLOGY
CCL18 under normal and inflammatory conditions

Collectively, the in vivo and in vitro findings concerning the spectrum of target and producer
cells of CCL18 (Tables 2 and 3) suggest that this chemokine could participate in the homing
of lymphocytes and DC to microanatomical niches of the secondary lymphoid organs. Under
steady-state or homeostatic conditions, CCL18-expressing, interdigitating DC in the T cell
areas could recruit naïve T cells and perhaps additional immature/semimature DC and hence,
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induce tolerance, likely in part through the generation of IL-10-producing regulatory T cells
[53,54]. Within a severe inflammatory context, the CCL18-mediated attraction of naïve T cells
toward the fully matured, interdigitating DC could assist in mounting a primary immune
response [1,3,55–57]. These CCL18-producing cells could also attract naïve B cells to the edge
of the T cell zones to bring them in closer vicinity of potential antigen and of effector Th2 cells.
It is not excluded that the primary activation of the B cells takes place there in a tricellular
complex (DC, B cell, and T cell). Furthermore, some of the recently activated B cells might,
in response to CCL18, migrate toward the germinal center DC, likely involved in the B cell
proliferation and plasma cell differentiation in the germinal centers [1,3,55–59].

The data summarized in Tables 2 and 3 also indicate that CCL18 could act in the periphery as
a constitutively produced or inducible chemokine to attract lymphocytes, immature DC, or
even monocytes toward various sites where (classically or alternatively activated)
macrophages and (immature or mature) DC participate in Th1- or Th2-mediated or especially
tolerogenic immune responses, e.g., to combat infections, induce wound healing, or
counterbalance excess immunological reactions. Moreover, the CCR3 antagonistic activity of
CCL18 may limit the recruitment of eosinophils, basophils, and the CCR3-expressing subset
of Th2 cells and hence, dampen a local proallergic response [24,60].

The involvement of CCL18 in the generation of a primary T cell response was recently
evidenced in vivo by the revelation of its adjuvant activity during vaccinations requiring strong
cell-mediated immunity [28]. The coadministration of CCL18 with malaria vaccines
subcutaneously (s.c.) in mice resulted in increased numbers of IFN-γ-secreting, malaria-
specific CD8+ T cells and eventually, in enhanced protection against malaria but failed to
augment the humoral response. Bruna-Romero et al. [28] argued that CCL18 could exert its
adjuvant activity, after its fast draining toward the local lymph nodes, by attracting naïve murine
lymphocytes. It is interesting that the enhanced antigen-specific CD8+ T cell responses were
not obtained in case the immunogen and CCL18 were injected by a different route or at a
different time-point [28]. Therefore, the recently observed chemotactic capacity of CCL18 for
immature DC [21] could suggest that the spatial and temporal coadministration of CCL18 and
the malaria vaccine might promote the antigen uptake by peripheral immature DC at the site
of injection [28]. This could ensure a higher mobilization of antigen-loaded DC toward the
draining lymph nodes and might be an additional explanation for the adjuvant activity of
CCL18.

It is interesting that rather high basal levels of CCL18 immunoreactivity were consistently
detected in normal human plasma (~20 ng/ml) [16]. Therefore, CCL18 seems to join CCL14,
CCL16, CXCL4, and CXCL7 on the list of constitutive plasma chemokines [61–64].
Furthermore, the presence of CCL18 has also been demonstrated in several diseases, where
the beneficial recruitment of leukocytes often was out of control (Table 4).

Ovarian cancer and CCL18
Ascitic fluids from ovarian carcinoma patients contained significantly higher CCL18 levels
than ascitic fluids originating from diseases other than ovarian carcinoma (120 ng/ml vs. 44
ng/ml) [15]. Furthermore, CCL18 was more abundantly present in ovarian carcinoma ascites
than CCL2, CCL3, CCL7, CCL20, and CXCL8 and was proven to be biologically active upon
isolation. CCL18 release was not inducible in ovarian and other carcinoma cell lines in vitro.
Immunohistochemical staining demonstrated CCL18 expression in tumor-infiltrating cells
with monocyte/macrophage morphology but not in the ovarian carcinoma cells [15]. It is
interesting that IL-10-producing immunosuppressive macrophages have been detected in
ovarian carcinoma tissue and ascitic fluid [79,80], and these tumor-associated macrophages
could correspond to alternatively activated macrophages that may at least partly be responsible
for the elevated CCL18 levels. Furthermore, as for many tumor-associated DC, most DC in
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ascites from patients with peritoneal carcinomatosis were rather immature and inadequate in
antigen presentation [81,82]. Despite the recent report that ovarian tumors are mainly infiltrated
by plasmacytoid DC [83] and that this DC subset in the blood from normal subjects lacked
CCL18 expression [52], it cannot be excluded that these tumor-associated DC represent an
additional source of ascitic CCL18. Hence, CCL18 could be involved in the
immunosuppression of a host antitumor response by attracting tumor-infiltrating lymphocytes
and additional immature DC toward tolerogenic or suppressive macrophages or DC. In this
respect, it has to be awaited whether CCL18 could assist the less abundant ascitic CCL22 and
CXCL12 in their tumor-promoting recruitment of regulatory T cells and plasmacytoid DC
toward the ovarian carcinoma environment, respectively [83–85].

Gastric cancer and CCL18
Nevertheless, a tumor-suppressing role for CCL18 can certainly not be ruled out. Microarray
and quantitative RT-PCR analysis of gastric cancer tissue, for instance, revealed that high
CCL18 levels were associated with prolonged survival of gastric cancer patients, independently
of tumor stage [69]. Immunohistochemistry and in situ hybridization indicated that CCL18
was expressed by a subpopulation of tumor-associated macrophages that were preferentially
located at the tumor invasion front but not by neoplastic or non-neoplastic gastric mucosal
cells. Much lower levels of CCL18 expression and CCL18+ macrophages were observed in
nontumor mucosa with gastritis. In contrast to the abundance of CCL18+ macrophages, the
total number of CD68+ macrophages was not a good prognostic marker for longer survival of
the gastric cancer patients [69]. These data suggest a role for CCL18 in the generation of a
more efficient anti-tumor response as a result of the attraction and activation of specific immune
cells.

Leukemia and CCL18
Children with specific types of acute lymphoblastic leukemia (i.e., T-ALL and prepreB-ALL)
were characterized by increased CCL18 serum levels, whereas serum CCL18 levels in acute
myeloid leukemia and preB-ALL pediatric patients did not differ significantly from those in
control serum samples [16]. In contrast, the serum concentration of another constitutive plasma
chemokine, namely CCL14, did not rise above the basal control serum levels in any of these
groups of patients. Furthermore, the bone marrow CCL18 levels in leukemic patients were
similar to those in serum, and their spinal fluid was devoid of any CCL18. Although
lymphocytes or lymphoblastic cells alone could not be triggered to secrete CCL18, coculture
of these cells or their conditioned medium with superantigen or IL-4-stimulated monocytes led
to significant CCL18 release [16].

Gaucher disease and CCL18
The plasma CCL18 levels were also markedly elevated in patients with Gaucher disease, a
lysosomal storage disorder, characterized by the pathologic accumulation of glycolipids in
macrophages [71]. It is accompanied by a sustained inflammatory reaction, which could
contribute to the observed massive enlargement and/or tissue injury of some organs (e.g., liver
and spleen). Subtractive hybridization and Northern blot analysis revealed enhanced CCL18
transcription in Gaucher spleen tissue compared with normal spleen [70].
Immunohistochemistry demonstrated that the glycolipid-loaded macrophages or Gaucher cells
were the prominent source of CCL18 in Gaucher spleen tissue and that these cells mostly
resemble alternatively activated macrophages, despite their lack of mannose receptor
expression [71,72]. Furthermore, the plasma levels of CCL18 in Gaucher patients proved to
be a reliable disease marker to monitor the therapeutic efficacy [71].
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Arthritis and CCL18
Synovial fluids represent another type of body fluid in which enhanced CCL18 levels have
been discovered under certain pathological conditions. Synovial fluids from septic arthritis and
rheumatoid arthritis (RA) patients contained significantly higher CCL18 levels than those from
osteoarthritis and crystal-induced arthritis patients (140 ng/ml, 190 ng/ml, 34 ng/ml, and 38
ng/ml, respectively) [14]. In at least 50% of the analyzed septic arthritis patients, the
inflammatory joint disease was caused by S. aureus. This pointed clearly to the pathological
relevance of the in vitro observation of enterotoxin-mediated CCL18 release by PBMC,
especially by CD68+ monocytes/macrophages [14]. Recently, antibody microarrays
demonstrated the secretion of CCL18 by normal human chondrocytes [41], although we could
not detect any CCL18 protein release by chondrocytes, fibroblasts, or endothelial cells by
means of ELISA [14]. Furthermore, immunohistochemistry revealed a lack of CCL18-
expressing cells in normal synovial biopsies, whereas many large, irregular, tissue-infiltrating
cells stained positive for CCL18 in synovia affected with RA, part of which coexpressed CD68
[14]. Radstake et al. [40] confirmed the elevated CCL18 levels in synovial fluids and tissues
from RA patients compared with osteoarthritis patients and healthy subjects. They observed
high CCL18 expression in the perivascular regions of RA synovia, partly overlapping with the
staining pattern for the mature DC marker DC-lysosome-associated membrane protein.
Furthermore, higher CCL18 mRNA and protein amounts were detected in immature and LPS-
matured DC upon in vitro generation from monocytes isolated from RA patients instead of
from osteoarthritis patients or normal individuals. Whereas FcγR triggering further up-
regulated CCL18 expression during LPS-induced maturation of normal monocyte-derived DC,
down-regulation of the CCL18 expression was obtained in case the monocytes originally
belonged to RA patients [40]. It can at present only be speculated whether CCL18 has pro- or
anti-inflammatory properties in septic arthritis and RA. Indeed, CCL18 could contribute to the
acute onset of septic arthritis by the chemoattraction of lymphocytes or by exerting other, still
unknown activities, such as the stimulation of protease release. In RA, this DC-, B cell-, and
T cell-agonistic chemokine could assist in the organization of the characteristic, perivascular
lymphocytic aggregates, sometimes containing germinal center-like structures. These
aggregates resemble secondary lymphoid follicles and presumably contribute to the
pathogenesis of this chronic type of arthritis [86,87]. However, the presence of CCL18 could
as well point to an attempt of the immune system to dampen the synovitis, especially in RA.
Indeed, alternatively activated macrophages have been demonstrated in RA synovium [44]. In
addition, most of the DC in the inflamed synovial fluid or tissue, except for those present in
the perivascular lymphocytic aggregates, are rather immature and express low levels of
costimulatory molecules [88–91]. Hence, the possible CCL18 production by alternatively
activated macrophages and immature DC and the directed attraction of naïve T cells could help
the immune system in its endeavor to suppress Th1-mediated immune responses and to induce
tolerance [44,89]. Nevertheless, the majority of the RA synovial T lymphocytes seems to
correspond to effector/memory Th1 cells, which markedly express CXC chemokine receptor
3 and CCR5 [86,87,92,93]. By means of its CCR3 antagonistic activity, CCL18 could also
inhibit the recruitment of CCR3-presenting cells [24].

Sjögren’s syndrome and CCL18
It is interesting that CCL18 expression has also been associated with other pathologies marked
by the presence of lymphocytic structures, such as Sjögren’s syndrome, chronic hepatitis C
infection, and giant cell arteritis. Sjögren’s syndrome is a chronic, autoimmune disease
characterized by the progressive destruction and diminished secretory capacity of the salivary
and lachrymal glands and by a massive infiltration of mononuclear cells in the gland lesions.
RT-PCR analysis confined CCL18 expression to salivary glands of Sjögren’s syndrome
patients but not to those of control patients or patients with other autoimmune disorders [76].
In situ hybridization demonstrated that the cells responsible for the CCL18 transcription in
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Sjögren’s syndrome glands belonged to the infiltrating mononuclear cells and that they
correspond to cells resembling DC or surprisingly, B lymphocytes [76].

Hepatitis C and CCL18
Chronic hepatitis C infection is accompanied by inflammation of the portal and periportal areas
of the liver. Hepatic CCL18 mRNA levels from patients with chronic hepatitis C infection,
measured by quantitative RT-PCR analysis, correlated significantly with the serum alanine
aminotransferase levels, which reflect hepatocyte death [68]. In addition, in situ hybridization
revealed CCL18 expression by mononuclear cells in the portal area of livers chronically
infected with hepatitis C but not in normal livers. It is interesting that this is the region of the
liver where naïve T cells were predominantly located and where lymphocytic aggregates
similar to primary lymphoid follicles in lymph nodes are characteristically present in case of
hepatitis C infection. In contrast, effector/memory T cells were mainly found in the periportal
areas at sites of necrosis [68].

Vasculitis and CCL18
Giant cell arteritis is a systemic inflammatory vasculitis of unknown etiology, marked by the
formation of granulomatous lymphoid microstructures within the affected arteries. Krupa et
al. [73] found that these vascular lesions were enriched with activated, mature DC and that
they contained more CCL18 transcripts compared with normal arteries. The accumulation and
activation of monocytes/macrophages and T lymphocytes in the arterial tunica intima are likely
to play an important role in the development of atherosclerosis. RT-PCR analysis and in situ
hybridization demonstrated that CCL18 was expressed in human atherosclerotic plaques but
not in normal arteries and that the transcription was restricted to macrophage-rich areas of the
lesions [33].

Pulmonary disorders and CCL18
Enhanced CCL18 expression has also been related to various pulmonary conditions. Of 16
chemokines investigated by quantitative RT-PCR (e.g., CCL3, CCL20), CCL18 was the most
remarkably and consistently increased chemokine in lungs affected by hypersensitivity
pneumonitis or idiopathic pulmonary fibrosis in comparison with control lung tissue [74].
Hypersensitivity pneumonitis is a diffuse inflammatory lung disorder provoked by the
inhalation of and sensitization to a variety of organic particles and marked by a strong
accumulation of T lymphocytes within the bronchoalveolar structures. Idiopathic pulmonary
fibrosis is a chronic interstitial lung disease of unknown etiology, characterized by fibrosis and
a usually mild degree of inflammation, which mainly involves lymphocytes. CCL18
transcription was significantly higher in the lungs of hypersensitivity pneumonitis patients than
in those of idiopathic pulmonary fibrosis patients. In situ hybridization and
immunohistochemistry revealed that the main cellular sources of CCL18 in both disorders
corresponded to the interstitial inflammatory cells close to clusters of lymphocytes, i.e., mainly
macrophages and occasionally DC, in addition to some alveolar epithelial cells. In contrast, no
CCL18 transcripts or protein could be demonstrated in control lung sections. Furthermore,
there was a significant correlation between the CCL18 mRNA levels in the affected lung tissues
and the percentage of lymphocytes in the bronchoalveolar lavage fluids. Finally, high CCL18
expression was detected in the subacute phase rather than in the chronic phase of
hypersensitivity pneumonitis, the former characterized by more severe inflammation and less
fibrotic lesions [74]. The finding that CCL18 stimulated collagen production in lung fibroblasts
could nevertheless point to a role for CCL18 in lung fibrosis [23]. Although in scleroderma
patients with lung inflammation, CCL18 mRNA and protein levels were slightly increased in,
respectively, the bronchoalveolar lavage cells and fluids [75]; CCL18 transcription was
comparable in bronchoalveolar lavage cells from healthy subjects and patients with pulmonary
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sarcoidosis [94]. Furthermore, in the latter disease, characterized by a lymphocytic infiltrate,
no association could be observed between the CCL18 mRNA expression and the number of
lymphocytes in the broncheoalveolar space [94]. The microarray profile and quantitative RT-
PCR analysis of differentially expressed genes in a monkey model of allergic asthma suggest
that CCL18 might be up-regulated slightly during allergen-induced pulmonary inflammation
in monkey lungs [12].

Dermatitis and CCL18
CCL18 is likely to be involved in inflammatory reactions of the skin as well. In situ
hybridization demonstrated dermal CCL18 expression during the elicitation phase of allergic
contact hypersensitivity, more precisely in perivascular clusters at sites of leukocyte
accumulation in the upper dermis [65]. Maximal transcription of CCL18 and some other T
cell-attracting chemokines was reached 48–72 h after elicitation of this T lymphocyte-mediated
hypersensitivity reaction and coincided with a strong infiltration of T cells. Nomura et al.
[66] obtained consistent microarray and real-time RT-PCR data, indicating significant
increases of CCL18 levels in atopic dermatitis as compared with skin lesions from Th1-
mediated psoriasis and to normal skin. Atopic dermatitis is a biphasic inflammatory skin
disease characterized by an initial phase predominated by Th2 cytokines, which switches into
a second, Th1-dominated chronic phase. Pivarcsi et al. [34] extended the previous quantitative
RT-PCR findings by reporting that CCL18 was the most abundant chemokine among all known
chemokines in atopic dermatitis and that CCL18 was specifically and significantly up-regulated
in lesional atopic skin when compared with normal skin or lesional skin from other chronic
inflammatory skin diseases. Immunohistochemistry confirmed the lack of CCL18 expression
in normal skin, psoriatic skin, and nonlesional atopic skin and pointed toward the cells with
DC morphology, dispersed within the (epi)dermis or clustered at sites of perivascular
infiltrates, and some epidermal keratinocytes and Langerhans cells as the CCL18 source in
atopic dermatitis lesions [19,34]. Serum CCL18 levels as well as the percentages of CCL18-
producing monocytes/macrophages and DC in IL-4 stimulated PBMC were also increased in
atopic dermatitis patients compared with healthy subjects [19]. In vivo exposure of nonlesional
atopic skin to relevant allergen or to staphylococcal enterotoxin B significantly elicited CCL18
expression [34]. It is interesting that many atopic dermatitis patients seem to display S.
aureus colonization in their lesions. Analogous to septic arthritis, atopic dermatitis might
represent another S. aureus-associated disease in which CCL18 might contribute to the
pathogen-triggered initiation and amplification of the inflammatory condition [14,34].

Other disorders associated with CCL18 expression
In the conjunctiva of patients with vernal keratoconjunctivitis, another Th2-orientated
inflammatory process, the number of CCL18+ cells was higher than the numbers of
inflammatory cells expressing the Th2 attractants CCL1 or CCL22 and showed the strongest
correlation with the numbers of infiltrating CD3+ T cells. Double immunohistochemistry
indicated that the CCL18+ cells corresponded to CD68+ monocytes/macrophages [78].

In the case of preterm labor, cDNA array analysis showed that CCL18 is one of the chemokines
of which the expression was significantly elevated in the outer gestational membranes affected
with chorioamnionitis in comparison with noninflamed choriodecidua [67].

Finally, the human CCL18 gene belongs to a cluster of tuberculosis-susceptibility genes on
chromosome 17q11-q21 [77].
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CONCLUDING REMARKS
From the moment of its discovery, CCL18 has been postulated to be both a constitutive/
homeostatic and an inducible/inflammatory chemokine. Indeed, the spontaneous CCL18
expression by lymphoid tissues and immature DC argues for a potential role of CCL18 in the
homing of naïve lymphocytes and immature DC and in the organization of lymphoid structures
under physiological conditions (Fig. 2). The considerable CCL18 levels in normal human
plasma represent additional evidence for the high constitutive CCL18 expression throughout
the body and may reflect a high CCL18 mRNA stability and a low clearance rate of circulating
CCL18 protein. However, many in vitro studies have confirmed that the CCL18 expression by
its two main producer cell types, monocytes/macrophages and DC, is also highly regulated by
diverging stimuli, including pathogen- and T cell-derived signals and immunosuppressive
agents (Fig. 2). Furthermore, CCL18 levels were selectively enhanced in different pathological
body fluids and in various disease states, such as different malignancies and inflammatory
disorders of the skin, lung, and joints. All these findings support the hypothesis that CCL18
expression by mononuclear cells, both in lymphoid and peripheral tissues, might contribute to
the active recruitment of lymphocytes and immature DC under inflammatory and pathological
conditions. Whether CCL18 could assist in a (Th1- or Th2-mediated) proinflammatory or
rather anti-inflammatory/tolerogenic way to limit or promote the inflammation/disease will
likely be situation-dependent and definitely will require further investigation. More profound
knowledge on the various activation/maturation programs in monocytes/macrophages and DC
might help clarifying the expression pattern and the role of CCL18. In particular, more
information is needed about the in vivo relevance of the different monocytic and DC subtypes,
especially of the alternatively activated macrophages and the semimature DC. Despite the fact
that a CCL18 homologue could only be found in primates, pointing to the usefulness of
monkey-animal models, the administration of human CCL18 in the context of rodent models
might still help to elucidate the in vivo role of human CCL18. In this respect, the involvement
of CCL18 in the generation of a primary T cell response was recently demonstrated by the s.c.
coinjection of mice with CCL18 and malaria vaccines. The adjuvant activity of CCL18 may
result from its peripheral attraction of murine immature DC toward the site of vaccine injection
as well as from its recruitment of murine naïve T cells within the draining lymph nodes. It is
intriguing that despite its antagonistic activity for CCR3, the true agonistic CCL18 receptor
has not been revealed so far. However, the CCL18-stimulated collagen production by lung
fibroblasts might represent an additional lead in the search for the CCL18 receptor.

Currently, there is still an urgent need for good and selective biomarkers for the early detection,
diagnosis, and therapeutic follow-up of many diseases. The enhanced CCL18 levels in selective
pathological body fluids, the good prognostic value of high CCL18 expression and CCL18+

macrophage numbers in gastric cancer patients, and the reliability of the plasma CCL18 levels
to monitor the therapeutic efficiency in Gaucher patients deserve further validation with the
hope that CCL18 might represent a good biomarker, on its own or within a set of biomarkers,
for these or other specific pathological conditions.
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Fig. 1.
Putative generation mechanism and structure of the human CCL18 gene. It is likely that a
twofold duplication of the CCL3 gene led to the generation of two CCL3-like genes. The fusion
of the latter in combination with the inactivation of some exons (possibly by base changes
around former exon-intron borders) and the deletion of other sequences (marked by a cross)
might have created a new transcription unit, i.e., the CCL18 gene [10,11]. The consensus
genomic organization of CCL18 depicted here is composed on the basis of different reports
[5,7–11]. Dotted boxes indicate the pseudoexons, whereas the open and shaded boxes represent
the untranslated and translated parts from the actively used exons, respectively. The intron
sequences are indicated as horizontal lines between the used exons. Lengths of sequences are
in base pairs (bp). The length of the 3′-untranslated region of the CCL18 gene (marked by “?”)
varies between 430 bp and 442 bp according to the clones isolated [5,7–11]. Tasaki et al.
[10] demonstrated the transcription-initiation site (arrow) presented here.
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Fig. 2.
Expression and role of CCL18 under physiological and immunopathological conditions.
CCL18 is mainly expressed by monocytes/macrophages (Mono/Mϕ) and immature DC (Imm
DC), whether or not after additional activation/maturation (marked by thin, straight arrows).
The released CCL18 protein can attract lymphocytes and immature DC (depicted by thick,
straight arrows) and induce collagen deposition by fibroblasts (curved arrow). In this way,
CCL18 can contribute to various normal and immunopathological processes.
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TABLE 1
Amino Acid Alignment of Mature CCL18 with Other CC Chemokines

The amino acid sequence of CCL18 is compared with the primary structure of some other mature human CC chemokines. The four characteristic Cys are
marked with gray boxes. Hyphens are inserted to maximize the identity score. The percentage identical amino acids between CCL18 and these other CC
chemokines is indicated in the lower right.
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TABLE 2
In Vitro Biological Activities of CCL18 on Different Human Cell Types

Cell type Activity References

T lymphocytesa

T lymphocytes chemotaxis [5,7,15]

calcium [9]

Helper T lymphocytes (CD4+) chemotaxis [7]

calcium [9]

Cytotoxic T lymphocytes (CD8+) chemotaxis [7]

calcium [9]

Naïve T lymphocytes (CD45RA+) chemotaxis [7]

calcium [9]

Skin-homing memory T lymphocytic cells (CD45RO+, CLA+) chemotaxis [19]

B lymphocytesa

B lymphocytes chemotaxis [20]

Naïve B lymphocytes (CD38−, IgG−) chemotaxis [20]

Germinal center B lymphocytes (CD39−, IgD−) chemotaxis [20]

Monocyte-derived immature DCb chemotaxis [21]

Hematopoietic progenitor cells inhibition proliferationc [22]

Lung fibroblasts collagen production [23]

a
T cells and B cells are freshly isolated from peripheral blood or tonsils, respectively, except for skin-homing memory T lymphocytic cells, which are

atopic, dermatitis-derived T cell lines.

b
Immature DC were generated by culturing monocytes for 6 days in the presence of granulocyte macrophage-colony stimulating factor (GM-CSF) and

IL-13.

c
Capacity to inhibit in colony formation assays the proliferation of normal bone marrow-derived hematopoietic progenitor cells {i.e., GM progenitors

[colony-forming unit (CFU)-GM], erythroid progenitors [burst-forming unit-erythroid (BFU-E)], and multipotential progenitors [CFU-granulocyte-

erythroid-monocyte-megakaryocyte (GEMM)]} in response to multiple growth factors. CLA+, Cutaneous lymphocyte-associated antigen; IgG,
immunoglobulin G.
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TABLE 3
Different Cellular Sources and Regulators of Human CCL18 Production In Vitro

Cell type Expressiona References

Normal cells

Monocytes/macrophages Constitutiveb,c [27,31,32]

+ LPSc,d; Streptococcus pyogenese; peptidoglycanc,d;
mannanc,d; CD40-Lc,d

[5,27,31,33,34]

+f IL-4; IL-10; IL-13; GC; IL-4 & GC; IL-4 & TNF-α;
IL-4 & GC & TNF-α

[7,8,32,35]

+g,h IL-4/Tc; SEA/Tc; IL-4/Tc CM [16]

− IL-4/IFN-γ; IL-4/GC/IFN-γ [8]

Alveolar macrophages Constitutive [8]

PBMC Spontaneousc [14,34]

+ IL-4g; SEAg; SEBc [14,34]

DC (in vitro-derived)i Constitutive (immature DC)c [7,8,21,31,34–38]

+j Maturation signals (LPSc; TNF-αc; FcγR triggering;
FcγR triggering/LPSc; monocyte CM/TNF-α/PGE2)

[31,37–40]

−j Maturation signals (LPSc; TNF-αc; CD40-Lc; IFN-
γg; SACg; Candida albicansg; influenza virusg; LPS/
GCg; LPS/PGE2

g LPS/IL-10g; LPS/VitD3g; LPS/
IFN-γg; CD40-L/GCg; CD40-L/PGE2

g)

[8,21,36]

+ IL-4; IL-10c; IL-13; IL-4/GC; VitD3g [21,35]

− GCg; PGE2
g [21]

Langerhans-type DCk Constitutivec [34]

+ Peptidoglycanc [34]

Ex vivo germinal center DC Constitutivec [20]

Ex vivo myeloid blood DC + Maturation signals (monocyte CM) [37]

+ IL-10g [21]

Eosinophils Constitutivec,l [27]

Chondrocytes Constitutiveg [41]

Dermal fibroblasts + IFN-γ; IL-4 [34]

Keratinocytes + IFN-γ [34]

Tumor cells

Myeloblastic leukemia cells
(KG1)

Constitutive [42]

+ PMA [42]

− PMA/TNF-α [42]

Myelogenous leukemia cells
(K562)

+ PMA [5]

Monocytic leukemia cells
(THP-1)

+ PMA/IL-4 [8]

+ Mycobacterium tuberculosis [43]

Monocytic leukemia cells (U937) + PMA [5]
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LPS, Lipo polysaccharide; CD40-L, CD40 ligand; TNF-α, tumor necrosis factor α; Tc, T lymphocytic cell; SEA or SEB, Staphylococcus aureus enterotoxin
A or B; CM, conditioned medium; FcγR, receptor for Fc fragment of IgG; PGE2, prostaglandin E2; SAC, S. aureus Cowan 1; VitD3, vitamin D3; PMA,
phorbol 12-myristate 13-acetate.

a
CCL18 was expressed constitutively or induced (+) upon addition of one stimulator or a combination of substances, separated by “/” in the table. In some

cases, the latter led to a synergistic induction, marked by “&” between the two substances. Addition of some regulators reduced CCL18 expression or
inhibited the stimulating effect of otherwise inducing agents, in both cases indicated by “−”. Generally, solely CCL18 mRNA expression was investigated,

unless indicated differently (seec and g).

b
After 16 h [27] or 6–7 days [31,32] of culture of monocytes/macrophages without stimulators.

c
Both mRNA and protein expression of CCL18 were demonstrated.

d
After 6–30 h of incubation of monocytes/macrophages with the inducer.

e
After 2–24 h S. pyogenes stimulation of monocytes/macrophages, previously cultured for 7 days without stimulators.

f
Generally after 3–6 days of incubation of monocytes/macrophages with regulators.

g
Only CCL18 protein release was investigated by enzyme-linked immunosorbent assay (ELISA) or in case of chondrocytes, by antibody microarrays.

h
Enterotoxin- or IL-4-stimulated adherent monocytes/macrophages were cocultured for 48 h with T lymphocytic cells (lymphocytes or cultured T

lymphoblastic cells) or with conditioned medium of cultured T lymphoblastic cells.

i
Generally, immature DC were derived from monocytes cultured for 6–7 days in the presence of GM-CSF and IL-4, although constitutive CCL18

transcription was already detected after 3 days. Alternatively, other combinations [GM-CSF/IL-13 or fms-like tyrosine kinase 3 (Flt3) ligand/IL-4] have
been used [21,36]. Optionally, the immature DC were incubated for an additional 2–3 days with different regulators.

j
Contradictory results were obtained.

k
Langerhans-type DC were generated in vitro by culturing monocytes for 6 days in the presence of GM-CSF, IL-4, and transforming growth factor (TGF)-
β, to which TNF-α was added during the last 2 days.

l
Eosinophils from donors with mild eosinophilia, cultured for 16 h in the presence of IL-5 and GM-CSF to ensure cell survival.
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TABLE 4
Involvement of CCL18 in Human Pathology

Disease References

Acute lymphoblastic leukemia (T-ALL, prepreB-ALL) [16]

Allergic contact hypersensitivity [65]

Atopic dermatitis [19,34,66]

Atherosclerosis [33]

Chorioamnionitis (preterm labor) [67]

Chronic hepatitis C infection [68]

Gastric cancer [69]

Gaucher disease [70–72]

Giant cell arteritis [73]

Hypersensitivity pneumonitis [74]

Idiopathic pulmonary fibrosis [74]

Ovarian carcinoma [15]

Rheumatoid arthritis [14,40]

Scleroderma with lung inflammation [75]

Septic arthritis [14]

Sjogren’s syndrome [76]

Tuberculosis [77]

Vernal keratoconjunctivitis [78]
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