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1. YKL-40

In a search of new bone proteins, the glycoprotein YKL-40 was iden-
tified in 1989 to be secreted in vitro in large amount by the human
osteosarcoma cell line MG63. The protein was named YKL-40 based
on its three N-terminal aminoacids Tyrosine (Y), Lysine (K) and
Leucine (L) and its molecular mass of 40 kDa (Johansen et al. 1992).
This protein was later found to be similar to a protein secreted by
differentiated smooth muscle cells from swine explants of the thor-
acic aorta (Millis et al. 1985), to a protein isolated from the whey
protein secretions of bovine mammary secretions during the non-
lactating period (Rejman et al. 1988), and to a heparin binding pro-
tein secreted by human synovial cells (Nyirkos et al. 1990). In the
last few years there has been a growing number of publications con-
cerning YKL-40 and the “Story about YKL-40" has probably just
started. The protein has several names: “YKL-40" (Johansen et al.
1992), “Human Cartilage glycoprotein-39 (HC gp39)” (Hakala et al.
1993), “Breast regressing protein 39 Kd (brp-39)” (Morrison et al.
1994), “38-kDa heparin-binding glycoprotein (gp38k)” (Shackelton
et al. 1995), “Chitinase-3-like-1 (CHI3L1)” (Rehli et al. 1997),
“Chondrex” (Harvey et al. 1998), and “40 kDa mammary gland pro-
tein (MGP-40)" (Mohanty et al. 2003). Hopefully, there will in the
future be consensus of its name. In this thesis the protein is named
YKL-40.

YKL-40 AMINO ACID AND CDNA SEQUENCE

The complete amino acid and cDNA sequence of human YKL-40
was published by Hakala et al. in 1993 (GenBank Accession number:
M80927). Human YKL-40 contains a single polypeptide chain of
383 amino acids and has a calculated molecular mass of 40,476 Da
(Hakala et al. 1993) and an isoelectric point of about 7.6 (Renkema
et al. 1998). The sequence of YKL-40 from several other mammals is
known: pig (Shackelton et al. 1995) (84% sequence identity), cow
(83%), goat (Mohanty et al. 2003) (83%), sheep (83%), guinea pig
(De Ceuninck et al. 1998), rat (80%), and mouse (Morrison et al.
1994) (73% sequence identity). Amino acid sequence analysis re-
veals that YKL-40 belongs to the glycosyl hydrolase family 18 (Hen-
rissat et al. 1993). This family consists of enzymes and proteins, and
includes chitinases from various species (mammalian, bacteria,
fungi, nematodes, insects and plants) (Aronson et al. 1997). Human
YKL-40 shares significant amino acid sequence identity to bacterial
chitinases (Hakala et al. 1993; Johansen et al. 1993 I) (31% sequence
identity) and to seven other “mammalian chitinase-like proteins”:
1) human oviduct-specific glycoprotein (OGP) (Arias et al. 1994;
Buhi 2002) (46% sequence identity); 2) human chitotriosidase
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(Boot et al. 1995) (52%); 3) human YKL-39 (Hu et al. 1996) (51%);
4) human TSA 1902 (Saito et al. 1999) also named acidic mam-
malian chitinase (AMCase) (Boot et al. 2001) (51%); 5) mouse YM1
(Jin et al. 1998) (46%) also named eosinophil chemotactic cytokine
(ECF-L) (Owhashi et al. 2000); 6) mouse chitinase like protein 2
(45%) (Ward et al. 2001) and 7) mouse protein MGC58999 (43%
sequence identity). Three of these proteins have only been described
in mouse. All 8 “mammalian chitinase-like proteins” show a high
level of sequence identity over certain regions and strict conserva-
tion of several structurally important residues including proline and
cysteine. The N-terminal amino acid sequence and the catalytic
center are highly conserved (>70% identical), whereas the identities
are low in the C-terminal sequence. Interestingly, it has also been
demonstrated that Drosophila melanogaster secretes several proteins,
DS47 and imaginal disc growth factors (IDGFs), with sequence
identity to YKL-40 (DS47: 34%; IDGFs: 16-23%) (Kirkpatrick et al.
1995; Kawamura et al. 1999). Furthermore, the nematode Caenor-
habditis elegans and the zebra fish Danio rerio have multiple putative
YKL-40-like proteins (18%-30% sequence identity).

YKL-40 GENE

In 1997 the human gene encoding YKL-40 was isolated (Rehli et al.
1997). It is assigned to chromosome 1g31-g32 and consists of 10
exons and spans about 8 kilobases of genomic DNA. Recently the
transcriptional regulation of YKL-40 during human macrophage
differentiation has been described (Rehli et al. 2003). There are
probably two independent transcription start sites and the promoter
sequence contains binding sites for several known factors and
specific binding of nuclear PU.1, Sp1, Sp3, USF, AML-1 and C/EBP
proteins. It was further found that the Spl-family transcription
factors seem to have a predominating role in controlling YKL-40
promoter activity. It was also suggested that the YKL-40 gene in
monocytes is in an inactive or unstable, yet primed state, which may
require additional events (e.g. nucleosome remodeling) that may be
initiated by additional elements upstream or downstream of the
promoter (Rehli et al. 2003). The genes of the other human “chi-
tinase-like proteins” known so far are also located on chromosome
1. The gene for chitotriosidase (Boot et al. 1998) is located on 1931-
1g32. The genes coding for YKL-39 (GenBank accession number
U58514), OGP (Takahashi et al. 2000, GenBank accession numbers
U58001-U58010), TSA1902 (Saito et al. 1999), and AMCase (Boot
et al. 2001) are located on 1p13. The mouse YM1/ECF-L gene
(Chang et al. 2001) is located on mouse chromosome 3, a chromo-
some that corresponds to human chromosome 1.

YKL-40 STRUCTURE

The crystallographic three-dimensional structures of human YKL-
40 (Fusetti et al. 2003; Houston et al. 2003) and goat YKL-40 (Mo-
hanty et al. 2003) display the typical fold of family 18 glycosyl hy-
drolases (Henrissat et al. 1997). The structure is divided into two
globular domains: a big core domain which consists of a (B/a)s do-
main structure with a triose-phosphate isomerase (T1M) barrel fold,
and a small a/f3 domain composed of five antiparallel 3-strands and
one a-helix that is inserted in the loop between strand 7 and helix
a7 of the TIM barrel. This gives the active site of YKL-40 a groove-
like character. YKL-40 is a lectin and bound carbohydrates are not
hydrolyzed as discussed in detail below. A 43A long carbohydrate
binding cleft is present at the C-terminal side of the B-strands in the
(B/a)s barrel. The crystal structure of YKL-40 is similar in many
aspects to the crystal structure of human chitotriosidase (Fusetti et
al. 2002), mouse YM1 (Sun et al. 2001), Drosophila melanogaster
IDGF-2 (Varela et al. 2002) and to other members of the glycosyl
hydrolase family 18 (Coulson 1994; Reardon et al. 1995), but several
major structural changes are also found. Family 18 chitinases
contain a sequence motif DxxDxDXE which lies on strand 4. The
glutamic acid (E) is the catalytic acid, which pronates the glycosidic
bond. The neighboring aspartic acid (D) plays a key role in orient-
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ing the N-acetyl group of the -1 sugar for nucleophilic attack on the
anomeric carbon, and stabilizes the subsequently formed oxazolium
ion intermediate (Van Aalten et al. 2001). In human YKL-40 there is
a mutation of the catalytic glutamic acid to leucine (L, residue 140)
and a mutation of the catalytic aspartic acid to alanine (A, residue
138). Both mutations appear to rule out a hydrolase activity for
YKL-40. Although YKL-40 is not a chitinase, human YKL-40 binds
chitin of different lengths and in a similar fashion as seen in Family
18 chitinases, and nine sugar-binding subsites are found in the 43A
groove (Fusetti et al. 2003). The presence of chitin fragments in the
binding groove does not cause drastic conformational changes in
the protein (Fusetti et al. 2003). YKL-40 is N-glycosylated at aspara-
gine (Asn, residue 60) and 2 B(1,4)-linked GIcNAc residues are
visible in the electron density. Glycosylation is a unique feature of
YKL-40 structure as the residue corresponding Asn (residue 60)
does not exist in chitinases and is mutated to proline in other
“mammalian chitinase-like proteins” YKL-40 binds heparin
(Shackelton et al. 1995) and amino acid sequence analysis reveals
that YKL-40 contains one heparin-binding motif (GRRDKQH, resi-
due 143-149). This putative heparin-binding site is located in a sur-
face loop (Fusetti et al. 2003). However, soaking of YKL-40 crystals
or co-crystallization in the presence of fully sulfated heparin did not
result in evidence of binding at this site. It has been suggested that
heparan sulfate is a more likely ligand of YKL-40 (Johansen et al.
1997; Fusetti et al. 2003), and unsulfated fragments of heparan sul-
fate can be accommodated in the binding groove of YKL-40 (Fusetti
et al. 2003). Amino acid sequence analysis reveals that YKL-40 con-
tains two potential hyaluronan-binding sites on the external face of
the folded protein (Malinda et al. 1999), but this has not been evalu-
ated in crystallization studies. YKL-40 contains five cysteins and
four are involved in two disulfide bridges (C%-C5' and C3%0-C364)
(Fusetti et al. 2003) and conserved in all “mammalian chitinase-like
proteins” (Sun et al. 2001; Fusetti et al. 2002; Mohanty et al. 2003).
The free Cxx in YKL-40 is located in a tightly packed hydrophobic
pocket. Three conserved cis peptides are present.

YKL-40 EXPRESSION IN NON-MALIGNANT CELLS

Several different cell types of ectoderm, mesoderm, and endoderm
origin express YKL-40 mRNA and protein in vitro and in vivo under
specific conditions.

Macrophages

YKL-40 mRNA expression in vitro is absent in normal human
monocytes but strongly induced during the late stages of human
macrophage differentiation (Krause et al. 1996; Rehli et al. 1997;
Renkema et al. 1998; Rehli et al. 2003) and by treatment of mono-
cytes and the human monocytic cell line THP-1 with phorbol
myristate acetate (PMA induces differentiation of monocytes into
an adherent macrophage-like cell type) (Kirkpatrick et al. 1997;
Rehli et al. 2003). Serial analysis of gene expression (SAGE) demon-
strated 288 fold increased YKL-40 transcripts in monocytes stimu-
lated with granulocyte-macrophage colony-stimulating factor (GM-
CSF), a 182 fold increase in YKL-40 after stimulation with M-CSF
and a 31 fold increase in YKL-40 transcripts in lipopolysaccharide
stimulated monocytes (Hashimoto et al. 1999a; Suzuki et al. 2000).
No YKL-40 expression was found in human monocytes or dendritic
cells (Hashimoto et al. 1999b). In vivo YKL-40 mRNA and protein
expression are found by a subpopulation of macrophages in dif-
ferent tissues with inflammation and extracellular matrix (ECM)
remodeling: 1) macrophages in inflamed synovial membranes from
patients with rheumatoid arthritis (RA), osteoarthritis (OA) or an-
kylosing spondylitis (AS) express YKL-40 mRNA and protein (Kirk-
patrick et al. 1997; Baeten et al. 2000; Volck et al. 2001); 2) macro-
phages in atherosclerotic plaques express YKL-40 mRNA, particu-
larly macrophages that had infiltrated deeper in the lesion, and the
highest expression of YKL-40 is found in macrophages in the early
lesion of atherosclerosis (Boot et al. 1999); 3) macrophages and
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giant cells located in the media of arteritic vessels of patients with
giant cell arteritis (GCA) express YKL-40 protein (Johansen et al.
1999a, V); 4) giant cells in the sarcoid lesions of patients with pul-
monary sarcoidosis (Johansen et al. 2005b) express YKL-40 protein;
and 5) peritumoral macrophages in biopsies from small cell lung
cancer express YKL-40 mRNA (Junker et al. 2005a). Another “mam-
malian chitinase-like protein”, chitotriosidase, is also produced by
activated macrophages but not by the same sub-population as YKL-
40 (Boot et al. 1999).

A Drosophila melanogaster cell line exhibiting macrophage-like
properties secretes a closely related protein to YKL-40 named DS47
(Kirkpatrick et al. 1995). This protein is expressed during the entire
Drosophila melanogaster life cycle. In the larvae the DS47 message is
found in the fat body (an organ that is somewhat analogous to the hu-
man liver) and by hemocytes and is secreted into the hemolymph.
The IDGFs (proteins with amino acid sequence identity to YKL-40)
are secreted by Drosophila yolk cells, the fat body and the imaginal
disc (cells with macrophage-like properties) (Kawamura et al. 1999).

Using flow cytometry Baeten et al. (2000) showed that RA pa-
tients have YKL-40 positive (+) peripheral blood mononuclear cells
(PBMC) and that these cells are CD16+ and have a dim expression
of CD14. The CD14+,CD16+ monocyte phenotype can differentiate
from classic CD14++ monocytes by maturation in vitro and re-
sembles the monocyte population described by Ziegler-Heitbrock
(1996), but their physiological role remains to be determined. The
CD14+,CD16+ monocytes are increased in numbers in patients
with RA (Baeten et al. 2000), sepsis (Fingerle et al. 1993), tubercu-
losis (Vanham et al. 1996) and solid tumors (Saleh et al. 1995).
These monocytes are believed to be a more mature version of
monocytes with properties of tissue macrophages, probably of pro-
inflammatory type. They have a similar antigen-presenting potential
as macrophages and produce proinflammatory cytokines, but pro-
duce little or no anti-inflammatory cytokines. They have a low
capacity for phagocytosis and reactive oxygen production, and a
high expression of major histocompatibility complex (MHC) class
Il antigens and adhesion molecules (Thieblemont et al. 1995; Frank-
enberger et al. 1996; Ziegler-Heitbrock et al. 1996).

The present studies show that YKL-40 is a phylogenetically highly
conserved protein secreted by macrophages, and the expression of
YKL-40 seems to be restricted to small, unique groups of macro-
phages exemplifying the phenotypic variation among macrophages.

Neutrophil granulocytes

Neutrophil granulocytes share a common progenitor cell with
macrophages and neutrophil precursors begin to synthesize YKL-40
at the myelocyte-metamyelocyte stage (Volck et al. 1998). YKL-40 is
stored in the specific granules of neutrophils and released after full
activation of the neutrophils (Volck et al. 1998; Boussac et al. 2000).
Chitotriosidase and YM1 are also neutrophil granule proteins but
their exact subcellular localizations are unknown (Boussac et al.
2000; Harbord et al. 2002).

Chondrocytes

Hakala et al. reported in 1993 that YKL-40 mRNA expression is high
in cartilage from RA patients and undetectable in normal cartilage.
Cartilage explant- or monolayer chondrocyte cultures isolated from
RA cartilage (Hakala et al. 1993) and OA cartilage (Johansen et al.
2001c, VII) secrete YKL-40 in vitro. Monolayer cultures of chondro-
cytes freshly isolated from normal cartilage secrete low levels of
YKL-40, but this basal production of YKL-40 increase more than
300 fold in first- and second-passage of chondrocyte cultures (Jo-
hansen et al. 2001c,VII). Microarray cDNA analysis have demon-
strated that YKL-40 gene expression is up-regulated in dedifferen-
tiated human fetal chondrocytes compared to chondrocytes main-
tained in a differentiated state (Stokes et al. 2002). Chondrocytes
cultured in monolayer become dedifferentiated, acquiring a fibro-
blast-like appearance and changing their pattern of gene expression
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from one that express chondrocyte-specific genes to one that re-
sembles a fibroblastic or chondroprogenitor-like pattern. In vitro re-
differentiation of dedifferentiated chondrocytes investigated by
cDNA analysis show increased YKL-40 expression as does in vitro
chondrogenesis (Imabayashi et al. 2003), indicating that YKL-40 is a
differentiation marker in chondrocytes. In-situ hybridization analy-
sis have shown that YKL-40 mRNA is undetectable in chondrocytes
from normal articular cartilage but is expressed in moderate to high
levels in chondrocytes located in the superficial zone of articular
cartilage with mild OA. In advanced OA chondrocytes located in
both the superficial, middle and deep layer express YKL-40 and this
increase with the extent of tissue damage (Connor et al. 2000). High
YKL-40 mRNA expression is also found in chondrocytes in the pre-
secondary ossification center of developing fetal cartilage whereas
chondrocytes located in the growth plate and mineralized cartilage
have lower YKL-40 expression (Connor et al. 2000). Immunohisto-
chemical analysis have shown YKL-40 protein expression in
chondrocytes located in both the superficial and middle layer of
cartilage biopsies from RA and OA patients (Volck et al. 1999, 2001,
Johansen et al. 2001c, VII; Kawasaki et al. 2001). The intracellular
presence of YKL-40 in chondrocytes is shown in the Golgi apparatus
and the endoplasmic reticulum (Johansen et al. 2001c, VII). YKL-
39, another “mammalian chitinase-like protein”, is also secreted in
vitro by monolayer cultures of human chondrocytes isolated from
normal cartilage but is a less abundant protein compared to YKL-40
(Hu et al. 1996).

Fibroblast-like synovial cells (synoviocytes)

Synovial cells obtained from the synovial membrane of RA patients
at time of joint replacement secrete YKL-40 in vitro (Nyirkos et al.
1990), and YKL-40 mRNA expression is found in inflammed syno-
vial membrane from RA patients but not in non-inflamed synovial
membrane (Hakala et al. 1993). Dasuri et al. (2004) studied proteins
of fibroblast-like synaovial cells from RA patients, using two-dimen-
sional polyacrylamide gel electrophoresis and matrix-assisted laser
desorption ionization mass spectrometry, and found that YKL-40 is
a major cellular protein in these cells.

Bone cells

Monolayer cultures of osteoblasts from adult and fetal bone do not
secrete YKL-40 in vitro (Johansen et al. 1992). However, YKL-40
mRNA expression is found in end-stage osteoblasts in osteophytic
tissue and in primary osteocytes and osteoblasts at sites of endo-
chondral and intramembranous bone formation. YKL-40 mRNA
expression is low to moderate in osteoid-forming and proliferating
osteoblasts and undetectable in fully mature osteocytes and osteo-
clasts, indicating a maturation stage-dependent expression of YKL-
40 in osteoblasts and osteoclasts (Connor et al. 2000). It is not
known if activated osteoclasts express YKL-40.

Vascular smooth muscle cells

YKL-40 is synthesized in vitro by vascular smooth muscle cells isol-
ated from explants of swine thoracic aorta during the time of tran-
sition from a proliferating monolayer culture to a non-proliferating
differentiated multilayer culture (Millis et al. 1985; Millis et al.
1986). YKL-40 secretion continues as the cells reorganize and form
multicellular nodules in which cells reexpress markers of differenti-
ated vascular smooth muscle cells (Millis et al. 1985; Shackelton et
al. 1995; Malinda et al. 1999). This in vitro nodule forming process
mimics some of the characteristics of the in vivo changes that occur
in vascular wall smooth muscle cells following injury where media
smooth muscle cells dedifferentiate, migrate, and contribute to the
process of restenosis and neointima formation (Schwartz 1997).
Immunohistochemical analysis show YKL-40 protein expression in
human smooth muscle cells in adventitial vessels (Johansen et al.
1999a, V) and atherosclerotic plagues (Nishikawa et al. 2003).
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Liver cells

Hakala et al. reported in 1993 that a strong YKL-40 mRNA expres-
sion was found in human liver. However, this could not be repro-
duced by Hu et al. (1996). The liver tissue used in the study by
Hakala et al. (1993) may have originated from a fibrotic liver.
Immunohistochemical studies of liver biopsies have shown YKL-40
protein expression in areas of the liver with fibrosis and no expres-
sion in hepatocytes (Johansen et al. 1997; Johansen et al. 2000a, V1).
Suppression subtractive hybridization analysis and RT-PCR have
found that YKL-40 is one of the most overexpressed proteins in cir-
rhotic liver tissue caused by hepatitis C virus (HCV) (Shackel et al.
2003). The hepatic stellate cell (HSC), the principal effector cell in
liver fibrogenesis (Friedman 2000), express YKL-40 mRNA in vitro
but YKL-40 protein in conditioned media from human HSC have
not yet been detected (E. Efsen, manuscript in preparation).

Mammary epithelial cells

YKL-40 in mice is called the “breast regression protein (Brp-39)”
(Morrison et al. 1994) because it is induced in mammary epithelial
cells a few days after weaning. YKL-40 is not detectable in milk dur-
ing lactation but is isolated from the whey protein secretions of
bovine mammary secretions during the nonlactating period after
weaning (Rejman et al. 1988) and in bovine colostrum (Yamada et
al. 2002).

Malignant cells
Se Chapter 5.

Other cells/tissues

cDNA microarray analysis have demonstrated that 1) hippocampus
tissue from patients with schizophrenia have elevated YKL-40
expression compared to control hippocampus tissue (Chung et al.
2003); 2) Helicobacter-infected murine stomachs have increased
YKL-40 expression compared to uninfected stomachs (Mueller et al.
2003); 3) YKL-40 expression in ovariectomiced murine chorioret-
inal tissue is downregulated by 17-f-estradiol (Rakic et al. 2003);
and 4) YKL-40 is expressed in normal human neural retina and
retinal pigment epithelium-choroid complex, and upregulated in
pathological human exudative age-related macular degeneration
and experimental murine choroidal neovascular membranes
(Sharon et al. 2002; Rakic et al. 2003). Suppression subtractive hy-
bridization analysis of genes from human mesothelial cells, obtained
from benign effusions, that differentiate into a fibroblastic mor-
phology show more than 20 fold overexpression of YKL-40 (Sun et
al. 2004).

BIOLOGIC ACTIVITIES OF YKL-40

YKL-40 is a secreted protein suggesting that its sites of actions are
most likely to be extracellular. Specific cell-surface or soluble recep-
tors for YKL-40 have not yet been identified. The biological function
of YKL-40 is not yet clear, but several possible functions have been
proposed:

Growth properties

In vitro studies have shown that YKL-40 in physiological concentra-
tions increases proliferation of guinea pig chondrocytes, rabbit
chondrocytes and synovial cells, and that YKL-40 increases proteo-
glycan synthesis of guinea pig and rabbit chondrocytes (De Ceu-
ninck et al. 2001a). Recklies et al. (2002) found that YKL-40 in-
creases growth rates of three fibroblastic cell lines derived from
human osteoarthritic synovium, fetal lung and adult skin. The mag-
nitude of the response of YKL-40 stimulation on synovial cells and
skin fibroblasts on incorporation of [*H]thymidine into cellular
DNA is similar to that elicited by the insulin-like growth factor-1
(IGF-1), and YKL-40 and IGF-1 work synergistically in stimulating
growth of the fibroblasts. YKL-40 initiates mitogen-activated pro-
tein (MAP) kinase and P1-3K signaling cascades in fibroblasts lead-
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ing to phosphorylation of both the extracellular signal-regulated
kinase (ERK)-1/2 MAP kinase and protein kinase B (AKT)-me-
diated signaling cascades (Recklies et al. 2002), which are associated
with the control of mitogenesis. This suggests a role of YKL-40 as an
anti-apoptotic protein. The PI-3K pathway, and in particular the
phosphorylation of AKT, is strongly associated with cell survival
(Bakkenist et al. 2004; Downward 2004; Mitsiades et al. 2004). Iden-
tity of cellular receptors mediating the biological effects of YKL-40
are currently not known, but the activation of cytoplasmic signal-
transduction pathways suggests that YKL-40 interacts with one or
several signaling components on the plasma membrane. Recently,
Ling et al. (2004) showed that stimulation of human articular
chondrocytes or skin fibroblasts with interleukin 1 (IL-1) or tumor
necrosis factor alfa (TNFa) in the presence of YKL-40 results in
reduction of both p38 and SAPK/INK phosphorylation, and that
YKL-40 suppresses the cytokine-induced secretion of metallopro-
teinase (MMP)-1, MMP-3 and MMP-13 and the chemokine IL-8.
The suppressive effect of YKL-40 is dependent on kinase activity,
and treatment of articular chondrocytes and skin fibroblasts with
YKL-40 results in AKT-mediated serine/threonine phospholyration
of the apoptosis signal-regulator kinase, ASK1. It was suggested that
YKL-40 elicits an anti-catabolic effect preserving ECM during tissue
remodeling/destruction (Ling et al. 2004).

YKL-40 in mice is called the “breast regression protein (Brp-39)”
(Morrison et al. 1994) because it is induced in mammary epithelial
cells a few days after weaning. Mammary involution involves pro-
grammed cell death, and it has been suggested that YKL-40 utilizes a
chitin oligosaccharide binding ability while participating in the
various signal transduction pathways that lead to apoptosis of the
regressing cells. Mohanty et al. (2003) hypothesized that YKL-40 is a
protective signaling factor that determines which cells are to survive
the drastic tissue remodeling that occurs during involution.

YKL-40 acts as a chemoattractant for human umbilical vein endo-
thelial cells and stimulates migration of these cells at a level com-
parable to that achieved with the endothelial cell chemoattractant
basic fibroblast growth factor (bFGF) (Malinda et al. 1999). YKL-40
modulates vascular endothelial cell morphology by promoting the
formation of branching tubules, indicating that YKL-40 may func-
tion in angiogenesis by stimulating the migration and reorganiza-
tion of vascular endothelial cells (Malinda et al. 1999). Furthermore,
YKL-40 promotes vascular smooth muscle cell attachment, spread-
ing and migration, suggesting that YKL-40 has a role in the process
of atherosclerotic plaque formation where smooth muscle cells are
induced to migrate through the intima in response to exogenous
signals (Nishikawa et al. 2003).

In contrast to many other cell types, chondrocytes and the human
osteosarcoma cell line MG63 can be maintained in unsupplemented
culture medium for about 14 days without any loss of viability (Jo-
hansen et al. 1992; Johansen et al. 2001c, VII). Furthermore, the
persistence of YKL-40 secretion from these cells and swine vascular
smooth muscle cells (Millis et al. 1985) is not dependent on the
presence of serum. The lack of a requirement for growth factor sup-
plementation may be due to their own production of large amounts
of YKL-40 when cultured in serum free media, indicating that YKL-
40 may play a role in cell growth and survival.

YKL-40 may also has a functional role in embryonic develop-
ment. In the developing mouse heart expression of YKL-40 coin-
cides with morphological changes involving cell migration, altered
cell adhesion and remodeling suggesting a role for YKL-40 in car-
diac morphogenesis consistent with its established activities in vitro
of promoting cell migration and adhesion (Nishikawa et al. 2003).

Several other “mammalian chitinase-like proteins”, human AM-
Case/rat iSBLP%, human ECF-L/mouseYm1, Drosophila IDGFs,
also have growth factor activity in vitro (Guoping et al. 1997; Kawa-
mura et al. 1999; Owhashi et al. 2000), whereas human chitotrio-
sidase has no mitogenic effect on skin, fetal lung or synovial fibro-
blasts (Recklies et al. 2002). It has been suggested that Drosophila
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IDGFs may have evolved from chitinases to acquire new functions as
growth factors, interacting with cell surface glycoproteins impli-
cated in growth-promoting processes such as the Drosophila insulin
receptor (Varela et al. 2002).

It has been suggested that YKL-40 may be a differentiation marker
since elevated YKL-40 expression is found when monocytes differ-
entiate to macrophages (Krause et al. 1996; Rehli et al. 1997,
Renkema et al. 1998; Rehli et al. 2003), when mesothelial cells differ-
entiate into a fibroblast like morphology (Sun et al. 2004), when
vascular smooth muscle cells differentiate (Millis et al. 1985;
Shackelton et al. 1995; Malinda et al. 1999), and when chondrocytes
differentiate to fibroblast like cells or re-differentiate to chondro-
cytes (Stokes et al. 2002; Imabayashi et al. 2003).

Heparin binding properties

YKL-40 contains a single putative heparin binding site (location
144-147) (Malinda et al. 1999, Nishikawa et al. 2003) and binds
heparin with an affinity greater than fibronectin (Millis et al. 1985;
Millis et al. 1986; Shackelton et al. 1995). YKL-40 may interact with
heparin-like molecules in the ECM or on the cell surfaces. Fusetti et
al. (2003) have shown using crystallization methods that heparan
sulfate and not heparin is a more likely physiological ligand of YKL-
40. The physiological role of heparan sulfate proteoglycans are
highly diversified, including cell adhesion, proliferation, migration,
differentiation, growth factor and cytokine action, tissue morpho-
genesis/organogenesis, tissue remodeling and wound healing (lozzo
etal. 1994; SundarRaj et al. 1995). YKL-40 may function by interact-
ing with components of the cell surface or the ECM and one physio-
logic ligand for YKL-40 could be perlecan (a heparan sulfate pro-
teoglycan) which is a component of basement membranes and
expressed in the ECM of many tissues including cartilage, liver, and
cancer. Proteins anchored on glycosaminoglycan side chains of
heparan sulfate proteoglycans serve a variety of functional purposes,
from simple immobilization or protection against degradation to
modulation of distinct biological activities (Lindahl et al. 1998;
Perrimon et al. 2000). Transient and selective expression of heparan
sulfate proteoglycans is elucidated as to deliver growth factors (e.g.
FGF, vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF)) to their appropriate receptors on fibroblasts or
endothelial cells for signaling new tissue growth during the repair
processes (Clasper et al. 1999).

Chitin binding properties

YKL-40 has high amino acid sequence homology to bacterial chiti-
nases (Hakala et al. 1993; Johansen et al. 1993 I) and strong binding
affinity for chitin (Hakala et al. 1993; Renkema et al. 1998; Houston
et al. 2003), but YKL-40 lacks chitinase activity (Hakala et al. 1993;
Renkema et al. 1998). Chitooligosaccharides bind to YKL-40 with
pUM affinity (Houston et al. 2003), and oligomeric chitin could be a
physiological ligand for YKL-40, although binding of other carbo-
hydrate polymers cannot be excluded. The chitinase activity is de-
pendent on aspartic acid (D) and glutamic acid (E) at the end of the
conserved catalytic center DxxDxDXE sequence motif (Watanabe et
al. 1993; Watanabe et al. 1994; van Aalten et al. 2001; Bokma et al.
2002). The essential aspartic acid is conserved in YKL-40, Droso-
phila DS47 and IDGF1, and in all the “mammalian chitinase-like
proteins” except in mouse Ym1, where it is replaced by asparagine.
The essential glutamic acid is replaced by leucine in YKL-40 and
OGP, by isoleucine in YKL-39, and by glutamine in mouse Ym1,
Drosophila DS47 and IDGF1. None of these proteins have chitinase
activity. Of the known “mammalian chitinase-like proteins” only
chitotriosidase (a protein expressed by macrophages and neutro-
phils) (Hollack et al. 1994; Boot et al. 1995; Boussac et al. 2000) and
AMCase (a protein expressed in the gastrointestinal tract and lung)
(Boot et al. 2001) have chitinase activity and both have glutamic
acid in the essential position. A single amino acid substitution in the
catalytic domain of chitotriosidase, generating the same amino acid
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sequence as in YKL-40, is followed by the loss of hydrolytic activity
and retains the capacity to bind chitin (Renkema et al. 1998). In
plants chitinases are believed to form part of innate immune system
important for host defense against invading pathogenic bacteria and
fungi and plants produce high amounts of chitinases under con-
ditions of stress (Collinge et al. 1993; Sahai et al. 1993). It has been
suggested that human chitotriosidase and AMCase play a role in
host defense through degradation of chitin-containing cell walls of
fungal pathogens (Boot et al. 2001). YKL-40 is secreted by macro-
phages and neutrophils, which serve in the primary defense
mechanisms against invading pathogens. It has therefore been sug-
gested that YKL-40 could act as a opsonin with a role in the immune
response (Renkema et al. 1998), and that YKL-40 could act as a chi-
tin sensor, switching on innate defenses, helping to direct macro-
phages to the site of invasion and to regulate the inflammatory re-
sponse as a consequence of infection (Houston et al. 2003). Another
of the “mammalian chitinase-like proteins”, Ym1/ECF-L, has been
proposed to have a role in directing components of the immune sys-
tem to the site of nematode infections (Owashi et al. 2000).

Chitinases catalyze the hydrolysis of 3-1,4-N-acetylglucoside link-
ages in chitin, a homopolysaccharide that consists of repeated N-
acetyl-B-(1,4-linked) D-glucosamine (2-deoxy-2acetamino-D-glu-
cose). Chitin is the principal structural component of the cell walls
of plants, algae, fungi and bacteria, the microfilarial sheath of para-
sitic nematodes, of the shells or cuticles of arthropods, the lining of
guts of many insects, in nematodes, mollusk, in worms and in the
exoskeleton of fish and vertebrates (Flach et al. 1992; Araujo et al.
1993; Debone et al. 1994; Shahabuddin 1994). Although chitin is
not found in mammals, YKL-40 may interact with an so far un-
known endogenous compounds with chitin-like motifs that may
exist in mammals. It has been found in vertebrates in an embryonic
stage that short chito-oligosaccharides are used as primers for the
synthesis of hyaluronan (Meyer et al. 1996; Semino et al. 1996; Varki
1996).

Effect on hyaluronan synthesis

Hyaluronan is a linear polysaccharide composed of repeating di-
saccharide units of N-acetyl glucosamine and D-glucoronate linked
together by alternating 3(1,4) and p(1,3) glycosidic bonds. Hyalu-
ronan is located in the ECM of many tissues and is synthesized by
articular chondrocytes, synovial cells in the inflamed synovial mem-
brane, smooth muscle cells in injured vessels, hepatic stellate cells in
liver fibrosis, fibroblasts in skin tissue and by cancer cells. Hyaluro-
nan has multiple physiological roles and has been connected with
embryogenesis, morphogenetic processes, cell proliferation and
tissue remodeling and is involved in acute and chronic inflamma-
tory processes (Laurent 1998; Lee et al. 2000). The expression of
YKL-40 is related to similar events as hyaluronan (see Chapter 4 and
5) and the function of YKL-40 may be linked to the functions of
hyaluronan. It is not known if YKL-40 binds hyaluronan, but YKL-
40 has two potential hyaluronan binding motifs (location 147-155
and 369-377) (Malinda et al. 1999; Nishikawa et al. 2003). YKL-40
may recognize hyaluronan, or its precursor, as a substrate in the
ECM and interfere with its synthesis, which could affect local
hyaluronan levels and consequently influence the extent of cell ad-
hesion and migration during the tissue remodeling processes that
take place during inflammation, fibrosis, atherogenesis and meta-
stasis.

REGULATION OF YKL-40

Effect of different extracellular matrix (ECM)

Several studies indicate that changes in ECM are related to changes
in YKL-40 synthesis. Changes in the ECM environment of chondro-
cytes seem to affect YKL-40 production by these cells. Chondrocytes
propagated under culture conditions undergo phenotypic changes
both in morphology (i.e. the loss of the chondrocyte spherical shape
and the acquisition of an elongated fibroblast-like morphology) and
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in gene expression pattern. The morphologic alterations of the
chondrocytes are accompanied by profound biochemical changes,
including loss of the cartilage-specific phenotype, as evidenced by
an arrest of the synthesis of the cartilage-specific collagens (types II,
IX, and XI) and proteoglycans (aggrecan), initiation of synthesis of
the interstitial collagens (types I, 111, and V), and increase in the syn-
thesis of fibroblast-type proteoglycans at the expense of aggrecan.
The chondrocyte phenotype can be re-expressed in the cells by
culturing them in suspension, in agarose, with alginate beads, or on
a hydrogel substrate (Benya et al. 1982; Bonventure et al. 1994;
Haliselmann et al. 1992 and 1994; Freed et al. 1993; Reginato et al.
1994). These changes in the biosynthetic profile of dedifferentiated
chondrocytes resemble some of the phenotypic changes displayed
by OA chondrocytes, and the matrix they produce is similar to that
synthesized by chondroprogenitor cells (Benya et al. 1978; Kosher et
al. 1986; Aigner et al. 1993, 1997 and 1999). Microarray gene expres-
sion analysis of human fetal chondrocytes cultured either under
conditions that allow them to preserve their differentiated pheno-
type or under conditions that lead to their dedifferentiation show
that YKL-40 was overexpressed 4.4 fold in dedifferentiated human
fetal chondrocytes compared to differentiated chondrocytes (Stokes
et al. 2002). Normal cartilage explant cultures produce low levels of
YKL-40 during the first days of culture but after a few days YKL-40
secretion increases. Stimulation of YKL-40 production is also gen-
erated by the trauma of cartilage resection and by removal of
chondrocytes from their native ECM environment. Freshly isolated
chondrocytes from normal cartilage do not secrete YKL-40 during
the fist days of monolayer culture, but in first-passage monolayer
cultures the cells produce >300-fold higher levels of YKL-40 com-
pared to primary chondrocyte cultures. If chondrocytes are cultured
as monolayer or in suspension with methacrylate, the cells first have
to make cell-to-cell contact and then they produce an ECM. Chon-
drocytes cultured in these two systems secrete large amounts of
YKL-40 and the production is prevented if the chondrocytes are cul-
tured in alginate, where the cells already are surrounded by an ECM
(Johansen et al. 2001c VII).

The production of YKL-40 is also increased many fold after
monolayer cultures of smooth muscle cells form nodules. This YKL-
40 synthesis is not the result of the absence of cell proliferation, but
is closely linked to nodule formation (Millis et al. 1985). The expres-
sion of YKL-40 mRNA from mouse mammary tissue at different
stages of functional differentiation shows that YKL-40 is expressed
at very low levels prior to and during pregnancy and lactation, but
its expression increases many fold during mammal gland involution
(Morrison et al. 1994) which is characterized by increased tissue re-
modeling.

Effect of cytokines and growth factors

Regulatory studies of YKL-40 expression by cytokine and growth
factors are sparse. IL-1p inhibited YKL-40 mRNA expression and
secretion by human monolayer chondrocyte and cartilage explant
cultures (Johansen et al. 2001c, VII) but has no effect on YKL-40
secretion by guinea pig chondrocyte cultures (De Ceuninck et al.
1998). Transforming growth factor B (TGFB) reduces YKL-40
mMRNA expression in human chondrocytes (Hakala et al. 1993;
Johansen et al. 2001c, VI1I), as well as the synthesis of YKL-40 from
human chondrocytes (Johansen et al. 2001c, VII) and guinea pig
chondrocytes (De Ceuninck et al. 1998). YKL-40 secretion by freshly
isolated chondrocytes (Johansen et al. 2001c, VII) is stimulated by
IL-6 (a cytokine with important roles in the inflammatory process
(Xing et al. 1998)), IL-17 (a proinflammatory cytokine with a role in
joint inflammation and acts in synergy with IL-13 and tumor necro-
sis factor a (TNFa) (Miossec 2003)), and IL-18 (a cytokine contrib-
uting to cartilage degradation (Olee et al. 1999)). IGF-I and IGF-II
stimulate YKL-40 synthesis by guinea pig chondrocytes (De Ceu-
ninck et al. 1998) but not by human chondrocytes (Hakala et al.
1993; Johansen et al. 2001c, VII). The controversy with the effective-
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ness of IL-13 and IGF-1 on human and guinea pig chondrocytes
may rest on differences in the species, donor age, doses or tissue
conditions. TNFa, platelet-derived growth factor (PDGF), bFGF,
1,25(0OH),D-, dexamethasone and serum have no effect on YKL-40
production by monolayer chondrocyte and cartilage explant cul-
tures (De Ceuninck et al. 1998; Johansen et al. 2001c, VII). The
regulation in vitro of YKL-40 secretion by human synovial cells was
not influenced by IL-1p and TNFa (Nyirkos et al. 1990).

CONCLUSIONS AND FUTURE PERSPECTIVES

YKL-40 can be categorized as a member of the glycosyl hydrolase
family 18 that includes at least eight “mammalian chitinase-like pro-
teins”. The conservation of exon-intron boundaries of the genes of
the “mammalian chitinase-like proteins” and their chromosomal
location, amino acid sequence homology and structural similarities
suggest that the genes of these members of the “mammalian chiti-
nase-like protein family” have evolved from chitinases to acquire
new properties. YKL-40 is a secreted protein produced in humans
by activated macrophages and neutrophils in different tissues with
inflammation and increased remodeling of the ECM, by arthritic or
injured chondrocytes, by fibroblast-like synovial cells, by vascular
smooth muscle cells, and probably by hepatic stellate cells. The
complete in vivo biological functions of YKL-40 remains to be estab-
lished, but it may have a function in inflammation and remodeling
of the ECM. In vitro studies have demonstrated that YKL-40 exerts
growth factor properties on fibroblasts, chondrocytes, fibroblast-
like synovial cells, and endothelial cells, and promotes vascular
smooth muscle cell attachment, spreading and migration. It has
been hypothesized that YKL-40 protects cells from undergoing ap-
optosis. YKL-40 may also have a role in hyaluronan synthesis and,
due to its heparin/heparan sulfate binding properties, its function
could be linked to changes in the ECM. The elucidation of the
biological function of YKL-40 is an important objective of future
studies and YKL-40 transgenic and knock-out mice will hopefully
be developed. Also research on YKL-40 potential receptor(s), the
regulation of YKL-40 expression, and the evolutionary relationship
of the different members of the “mammalian chitinase-like protein
family” could give insights into the physiological role of YKL-40 and
its family members.

2. AIM

The purpose of this thesis was to determine if serum YKL-40 is a
clinically useful biomarker of disease activity and prognosis in
human disease. At the time these studies commensed, it had been
established that YKL-40 is a major secreted protein of two cell types,
articular cartilage chondrocytes and breast cells, when these cells are
engaged in remodeling their ECM, but is not significantly expressed
by either cell type under normal physiological circumstances. These
observations showed that YKL-40 expression could be a biomarker
for unique physiological states, and guided the selection of human
diseases for study.

To explore if YKL-40 is a new biomarker, the YKL-40 protein ex-
pression in different tissues and the serum concentration of YKL-40
were determined in patients with selected acute and chronic diseases
characterized by inflammation, remodeling of the ECM, develop-
ment of fibrosis, and cancer. The following questions were ad-
dressed:

1. Is the occurrence of YKL-40 protein expression in human tissues
characterized by inflammation, remodeling of the ECM, fibrosis
and cancer?

2. Is the serum concentration of YKL-40 related to disease activity
and prognosis in patients with diseases characterized by inflam-
mation, remodeling of the ECM, fibrosis and cancer?

3. Can the serum concentration of YKL-40 provide new and more
specific information of disease activity and prognosis compared
to conventional parameters of disease activity in patients with
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diseases characterized by inflammation, remodeling of the ECM,
fibrosis and cancer?

4. Can the serum concentration of YKL-40 give information on the
pathophysiology and pathogenesis of diseases characterized by
inflammation, remodeling of the ECM, fibrosis and cancer?

3. METHODS FOR DETERMINATION OF YKL-40

IN TISSUES AND BODY FLUIDS

MICROARRAY CDNA ANALYSIS

Several studies have evaluated YKL-40 gene expression using micro-
array gene analysis. Different human tissues and cells are tested:
monocytes and macrophages (Hashimoto et al. 1999a; Suzuki et al.
2000), fetal chondrocytes (Stokes et al. 2002), gliomas (Lal et al.
1999; Markert et al. 2001; Tanwar et al. 2002), thyroid carcinomas
(Huang et al. 2001), extraskeletal myxoid chondrosarcoma (Sjégren
et al. 2003), hippocampus tissue (Chung et al. 2003), Helicobacter-
infected murine stomachs (Mueller et al. 2003) and murine ovari-
ectomiced chorioretinal tissue (Sharon et al. 2002; Rakic et al. 2003).

IN SITU HYBRIDIZATION

In situ hybridization studies have evaluated YKL-40 mRNA expres-
sion in frozen and formalin-fixed paraffin-embedded tissues in dif-
ferent human tissues: synovial membrane from RA patients (Kirk-
patrick et al. 1997), normal and atherosclerotic coronary arteries
and aorta (Boot et al. 1999), cartilage and osteophytic tissue from
OA patients and healthy adults and from normal and fetal bone
(Connor et al. 2000).

IMMUNOHISTOCHEMICAL ANALYSIS

Several immunohistochemical procedures for the detection of YKL-
40 protein expression in biopsies of human tissues have been de-
scribed using well known immunohistochemical methods for frozen
or formalin-fixed paraffin-embedded tissues. An affinity purified
rabbit antibody against human YKL-40 (Johansen et al. 1997, 1999a
V, 2000a VI; Volck et al. 1998, 1999, 2001; Kawashaki et al. 2001) or
a mouse monoclonal antibody against human YKL-40 (Baeten et al.
2000; Johansen et al. 2001c VII) were used as primary antibody.
Different human tissues are evaluated: liver (Johansen et al. 1997,
2000a VI), bone marrow (Volck et al. 1998), inflamed arteries (Jo-
hansen et al. 1999a V), cartilage (Volck et al. 1999, 2001; Johansen et
al. 2001c VII; Kawashaki et al. 2001), synovial membrane (Baeten et
al. 2000; Volck et al. 2001), peripheral blood mononuclear cells
(Baeten et al. 2000) and atheroslerotic vessels (Nishikawa et al.
2003).

RADIO- AND ENZYME-LINKED IMMUNOASSAYS

FOR THE DETERMINATION OF YKL-40

Three immunoassays for the measurement of human YKL-40 in
body fluids (serum, plasma, synovial fluid, cerebrospinal fluid) and
conditioned human cell culture media are described in the literature
(Johansen et al. 1993 I; Harvey et al. 1998; Vos et al. 2000b). The first
human YKL-40 assay was a radioimmunoassay (RIA) using a rabbit
polyclonal antibody against human YKL-40 (Johansen et al. 1993 I).
The assay runs over two days, involves 20 hours incubation at room
temperature and requires sample dilution. The sensitivity of the RIA
was 10 pg/l and the recovery 100.3%. The intraassay coefficient of
variation (CV) was <6.5%. The short term interassay CV (during a
5 months period) was <12% (Johansen et al. 1993 I) and the long
term interassay CV (during a 5 years period) was <15% (personal
observation). A two-site, sandwich-type enzyme-linked immuno-
assay (ELISA) for measurement of human YKL-40 was later devel-
oped and is commercially available from Quidel (CA, USA) (Harvey
et al. 1998). This assay uses streptavidin-coated microplate wells, a
biotinylated-Fab monoclonal mouse antibody against human YKL-
40 (capture antibody) and an alkaline phosphatase-labeled poly-
clonal rabbit antibody against human YKL-40 (detection antibody).
Bound enzyme activity is detected with p-nitrophenyl phosphate as
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substrate. The ELISA is finished within 4 hours and involves three 1-
hour incubation steps, is carried out at room temperature and does
not require sample dilution (only if the concentration of YKL-40 in
the sample is very high). The sensitivity of the ELISA was 8 g/l and
the recovery 102%. The intraassay CV was <3.6%. The short term
interassay CV (during a 11 days period) was <3.7% (Harvey et al.
1998) and the long term interassay CV (during a 5 years period) is
<8.6% (personal observation).

The YKL-40 protein used for standards and antigen for antibody
production in the RIA and ELISA and for tracer in the RIA was pur-
ified from serum-free conditioned medium of monolayer cultures
of the human osteosarcoma cell line MG63 (Johansen et al. 1993 I;
Harvey et al. 1998) by a modification of the heparin-affinity
chromatography method described to purify YKL-40 (Rejman et al.
1988; Nyirkos et al. 1990). MG63 cells (obtained from the American
Type Culture Collection, Rockville, MD) are easily cultured in se-
rum free media and at confluence these cells secrete large amounts
of YKL-40 (Johansen et al. 1992). Preparations of polyclonal or
monoclonal antibodies were produced by routine procedures
(Johansen et al. 1993 I; Harvey et al. 1998), but the specific epitopes
of human YKL-40 recognized by these antibodies are unknown.
Human YKL-40 concentrations in blood (serum or EDTA plasma),
synovial fluid and cerebrospinal fluid (described in Chapter 3 and
4), and in conditioned medium of human cell cultures (Johansen et
al. 2001c VII) can be determined using these methods. The YKL-40
ELISA is also useful for the measurement of serum YKL-40 levels in
baboons (Mahanery et al. 1998) and cynomolgus macaques (Re-
gister et al. 2001). The YKL-40 RIA and ELISA can not detect
mouse, rabbit, cow or swine YKL-40.

High correlation (Spearmans rho = 0.91, p<0.0001) was found
between the serum concentrations of YKL-40 determined by RIA
and ELISA. The mean serum YKL-40F-SA/YKL-40R'A ratio was 0.479
calculated from 506 serum samples from 245 healthy adults, 112 RA
patients, 37 OA patients and 112 patients with metastatic breast
cancer (personal observation). The difference between serum YKL-
40 levels using the two methods is probably explained by differences
in the methods used to calculate YKL-40 protein concentration in
the standards used in the two assays. The relative YKL-40 antigen
recognition by the two assays was constant. In the following
chapters and in the data presented in Figures 2-5 and Tables 1-4 the
serum concentrations of YKL-40 determined by the YKL-40 RIA
have been adjusted to YKL-40 ELISA results by multiplication with
0.479 for a better comparisons of the serum YKL-40 levels in the
different studies.

Three other YKL-40 ELISAs have been developed but have only
been used in a few clinical studies. Vos et al. (2000b) developed a
human YKL-40 ELISA using plates coated with a mouse mono-
clonal antibody against human YKL-40 (capture antibody) and a
horseradish peroxidase (HRP) labeled mouse monoclonal antibody
against human YKL-40 (detection antibody). Rejman et al. (1989)
developed an ELISA for YKL-40 determination in bovine mammary
milk secretions during involution using plates coated with bovine
YKL-40, a rabbit polyclonal antibody against bovine YKL-40 and
HRP-technique. De Ceuninck et al. (2001b) developed an indirect
competition ELISA for measurement of serum YKL-40 in guinea
pigs using a polyclonal anti-guinea pig YKL-40 antibody produced
in hens and extracted from the egg yolk. This assay can also deter-
mine rabbit YKL-40 but not rat or mice YKL-40.

SERUM/PLASMA CONCENTRATIONS OF YKL-40

IN HEALTHY SUBJECTS

The individual serum concentrations of YKL-40 in 245 healthy
adults (aged 18-79 years) according to age is illustrated in Figure 1.
The subjects are described by Johansen et al. (1996a I1) using the
YKL-40 RIA method and their serum YKL-40 level was later deter-
mined by YKL-40 ELISA in 1997. No difference in serum YKL-40
was found between gender, but there was a relation between serum
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Figure 1. Individual serum YKL-40 concentrations in 245 healthy adults in
relation to sex and age. The serum YKL-40 concentrations were determined
by ELISA. The upper 95t percent limit of serum YKL-40 levels in these
healthy adults is 124 pg/l.

YKL-40 and age (rho = 0.45, p<0.001) with the highest levels in the
elderly. All subjects were healthy without symptoms of disease and
were not taking medicine at the time of blood sampling. They had
normal serum levels of creatinine, albumin, lactate dehydrogenase
(LDH), aspartate aminotransferase, alkaline phosphatase and bili-
rubin. These subjects were not followed prospectively and it is not
known if some later developed cancer that was not clinically detect-
able at the time of blood sampling. Aging is associated with low-grade
inflammation (Bruunsgaard et al. 2001) and the increase in serum
YKL-40 in elderly healthy subjects may be due to low-grade inflam-
mation. Serum YKL-40 in 476 healthy children (aged 7-17 years)
was similar to the level in healthy young adults and there was no
change in serum YKL-40 during puberty (Johansen et al. 1996a I11).

There is good agreement between serum concentrations of YKL-
40 in the two largest studies of healthy subjects (Johansen et al.
1996a I11; Harvey et al. 1998) with a median serum YKL-40 of 43
pg/l (90% percentile = 95 pg/l; 95% percentile = 124 pg/l). The
serum YKL-40 level in the study by Garnero et al. (2001) was higher,
but these controls were older compared to the other studies of
healthy subjects. In clinical studies of serum concentrations of YKL-
40 in patients with different diseases it is important to compare
serum YKL-40 in the patients with an age-corrected upper normal
serum YKL-40 (e.g. 95" percentile).

Haemodynamic investigations with catherization of the femoral
artery and renal vein indicated that the kidney is the main site of
YKL-40 disposal (Johansen et al. 1997). The plasma concentration
of YKL-40 in the renal vein was significantly lower than in the femo-
ral artery both in subjects with normal liver function and in patients
with chronic liver disease. Furthermore, YKL-40 can be detected in
urine (personal observation). In healthy subjects there was no cor-
relation between serum concentrations of YKL-40 and creatinine
(Johansen et al. 1996a I11). Whereas patients with severe renal dis-
eases (i.e. requiring hemodialysis or peritoneal dialysis) had signifi-
cantly elevated serum YKL-40 compared to healthy subjects (per-
sonal observation).

INDIVIDUAL VARIATION

IN SERUM YKL-40 CONCENTRATIONS

There was no circadian variability in serum concentrations of YKL-
40 in samples collected 7 times during the day from 16 healthy sub-
jects (aged 32-66 years) and 21 patients with RA (aged 30-75 years).
The long time CV in serum YKL-40 was 5% in 30 healthy women
(aged 24-62 years) who had serum samples collected 5 times with
seven days intervals and subsequently again after 3 years (Johansen
et al. manuscript in preparation).
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STABILITY OF YKL-40 CONCENTRATIONS IN BLOOD

AFTER VENIPUNCTURE

Several factors must be considered when handling blood samples for
the measurement of YKL-40. The time interval between drawing of
blood and centrifugation of blood stored at room temperature must
be less than 3 hours for serum and 8 hours for EDTA plasma
samples. Otherwise significant and not disease related elevations of
YKL-40 are found in the serum and EDTA plasma samples left on
the clot for a longer time when compared with YKL-40 concentra-
tions in serum and EDTA plasma samples centrifuged within 1 hour
after venipuncture. If the blood was stored at 4 °C before centrifuga-
tion YKL-40 concentrations were stable in serum for 24 hours and
in EDTA plasma for 72 hours (Hggdall et al. 2000b). Degranulation
of neutrophils with release of YKL-40 from the specific granules is
the most likely explanation for this time dependent increase in YKL-
40 concentrations in serum and EDTA plasma. YKL-40 accumulated
extracellularly in a time-dependent manner in standard erythrocyte
components, and prestorage leukocyte depletion of whole blood
prevented extracellular YKL-40 accumulation (Cintin et al. 2001).
Repetitive freezing and thawing of serum samples up to 9 times had
no effect on the serum YKL-40 (Johansen et al. 1993 I; Harvey et al.
1998; Hggdall et al. 2000b; De Ceuninck et al. 2001b; Vos et al.
2001b). YKL-40 concentrations in serum were stable in samples
stored up to 5 days at room temperature (Johansen et al. 1993 1), up
to 9 days at 4°C (Harvey et al. 1998), and at —20°C or —80°C for at
least 8 years (personal observation). YKL-40 concentrations in cor-
responding serum and EDTA plasma samples were correlated (rho
= 0.98, p<0.001), but YKL-40 was significantly higher in serum
compared to EDTA plasma with a YKL-40 serum/EDTA plasma
ratio of 1.4 (Johansen et al. 1993 I; Hggdall et al. 2000b). This is
probably caused by a small release of YKL-40 from activated neu-
trophils during the coagulation process. In this thesis there will no
discrimination between YKL-40 in serum and plasma samples, since
the serum or plasma concentrations of YKL-40 in the patients were
accordingly related to the serum or plasma concentrations of YKL-
40 in healthy subjects.

CONCLUSIONS AND FUTURE PERSPECTIVES

The in-house YKL-40 RIA and the commercial YKL-40 ELISA are
both satisfactory methods for measurement of serum concentra-
tions of YKL-40 in terms of reliability, reproducibility and stability.
YKL-40 is detectable in serum of apparently healthy subjects and
increases with older age. Puberty, a physiological condition with
increased remodeling of ECM, does not result in increased serum
YKL-40 levels. Most of the circulating YKL-40 in healthy subjects
probably originates from activated macrophages and neutrophils.
The high serum YKL-40 in some elderly healthy subjects may be due
to low-grade inflammation or an undiscovered disease that influ-
ences serum YKL-40 levels. Circulating YKL-40 seems to be cleared
by the kidneys, but studies are needed to determine the metabolism
of circulating YKL-40, its circulating half-life and if YKL-40 is
bound to substances in blood.

An automated test for determination of YKL-40 in serum will
hopefully be developed in order to decrease expenses of a serum
YKL-40 measurement. It is also important to develop an ELISA for
determination of YKL-40 in mouse or rat for functional and phar-
maceutical studies of YKL-40 in these animals.

4. YKL-40 IN NON-MALIGNANT DISEASES
CHARACTERIZED BY INFLAMMATION,

REMODELING OF THE EXTRACELLULAR MATRIX

OR DEVELOPMENT OF FIBROSIS

YKL-40 is expressed and secreted by macrophages, neutrophils,
fibroblast-like synovial cells, chondrocytes, vascular smooth muscle
cells and hepatic stellate cells. It has been hypothesized that YKL-40
has a role in acute and chronic inflammation and in pathological
conditions leading to tissue fibrosis. In this Chapter it is explored if
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determination of serum YKL-40 has a clinical value as a biomarker
of disease activity and prognosis in patients with selected acute and
chronic diseases characterized by inflammation, remodeling of the
ECM or development of fibrosis. What is a biomarker? In 2001 the
“Biomarkers and Surrogate Endpoint Working Group” agreed on a
classification system and definitions for biomarkers (Atkinson et al.
2001). A “Biomarker” (Biological marker) was defined as: “A char-
acteristic that is objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes, or pharmaco-
logical responses to a therapeutic intervention”

4.1. INFECTIOUS DISEASES

More than 75% of patients with Streptococcus pneumoniae pneumo-
nia (Nordenbaek et al. 1999) and Streptococcus pneumoniae bacter-
emia (Kronborg et al. 2002) had elevated serum concentrations of
YKL-40 compared with age-matched healthy subjects (Table 1). The
peak in serum YKL-40 in patients with community-acquired Strep-
tococcus pneumoniae pneumonia requiring hospitalization was seen
on day 1 after hospitalization. Treatment with antibiotics of these
patients resulted in decreases in serum YKL-40, reaching normal
level in most patients within 7-14 days. The serum C-reactive pro-
tein (CRP) level reached normal range a few days later than serum
YKL-40 (Nordenbaek et al. 1999). Patients with atypical pneumonia
or Haemophilus influenzae had normal serum YKL-40 (Nordenbaek
et al. 1999). YKL-40 could also be detected in the bronchioalveolar
lavage fluid (BAL) from patients with tuberculosis (personal obser-
vation).

In patients with Streptococcus pneumoniae bacteremia the serum
YKL-40 level was associated with the severity and fatal outcome of
the disease (Kronborg et al. 2002). Serum YKL-40 was higher in
patients who needed hemodialysis, pharmacological treatment of
hypotension and mechanical ventilation compared to patients with-
out the need of intensive supportive treatment. Multivariate Cox
regression analysis (including serum YKL-40, cerebral symptoms,
mechanical ventilation, pharmacological treatment of hypotension
and hemodialysis) showed that high serum YKL-40 at time of diag-
nosis of Streptococcus pneumoniae bacteremia was an independent
prognostic variable of poor prognosis in terms of survival from
Streptococcus pneumoniae bacteremia. In the same patients serum
CRP was not a prognostic marker of survival. If also the plasma con-
centration of soluble urokinase receptor was included in the multi-
variate Cox analysis serum YKL-40 was not an independent prog-
nostic variable (Wittenhagen et al. 2004).

Ostergaard et al. (2002) have shown that YKL-40 was produced
locally within the compartment of an infection. Patients with puru-
lent meningitis and encephalitis had higher YKL-40 concentrations
in cerebrospinal fluid as compared with the YKL-40 levels in pa-
tients with lymphocytic meningitis and patients without meningitis.
In the few patients who died of the infection the cerebrospinal con-
centration of YKL-40 was higher compared to the patients who
survived. The overlap between cerebrospinal fluid concentrations of
YKL-40 in patients with bacterial meningitis and lymphocytic
meningitis was large and YKL-40 cannot be used for diagnostic
purposes of patients with meningitis. Patients with non-infectious
spinal diseases (i.e. cervical spondylotic myelopathy, lumbal canal
stenosis and lumbar disc herniation) had higher YKL-40 concentra-
tions in cerebrospinal fluid compared to controls or patients with
scoliosis (Tsuji et al. 2002), but not as high as patients with infec-
tious diseases.

In patients with Streptococcus pneumoniae pneumonia followed
during treatment with antibiotics the changes in serum YKL-40
were parallel to that of serum lactoferrin and NGAL (proteins lo-
cated in the specific granules of neutrophils like YKL-40), but not to
serum MPO (a protein located in the azurophil granules), and only
partial parallel to that of the total numbers of neutrophils in blood
(Nordenbaek et al. 1999). In patients with Streptococcus pneumoniae
bacteremia serum YKL-40 was inversely correlated with the total
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Table 1. Serum YKL-40
levels (ng/l) in patients with
inflammation, tissue re-

modelling or fibrosis and
% of patients with elevated
serum YKL-40 .

High YKL-40
Diagnosis N Serum YKL-40 (%) *# Reference
Streptococcus pneumoniae pneumonia$ .. 22 428< (57-4311) 82 Nordenbaek et al. 1999
Pneumonia unknown aetiologys ......... 58 215¢ (52-2347) 79

Streptococcus pneumoniae bacteremia

89 342¢ (20-20400) 76 Kronborg et al. 2002

Giant cell arteritisS .................... 19 123b (30-431) 53 Johansen et al. 1999a V
Polymyalgia rheumaticaS............... 8 76  (35-199) 38

Ulcerative colitis . ..................... 94 1032 + 83 67 Koutroubakis et al. 2003
Crohnsdisease. . ...........covuiunann. 85 1122+ 84 69

Ulcerative colitis, inactive............... 61 33 (11-213) 11 Vind et al. 2003
Ulcerative colitis, mild/moderate......... 52 46  (10-222) 17

Ulcerative colitis, severe . .. ............. 51 59¢ (21-736) 29

Crohns disease, inactive . ............... 92 43  (13-1156) 24 Vind et al. 2003

Crohns disease, mild/moderate .......... 34 57 (12-189) 26

Crohns disease, severe ................. 37 59¢ (19-1128) 38

Pulmonary sarcoidosis$ 27 201¢ (51-479) 63 Johansen et al. 2005b
Systemic sclerosis . ..., 40 76¢ (24-584) 35 Montagna et al. 2003
Systemic sclerosisS . .......... ... . ... 88 77¢ (24-805) 27 Nordenbaek et al. 2005
Fatty livers . ... .. ... 16 93 (24-195) 25 Johansen et al. 2000a VI
Viral hepatitiss ....................... 17 83 (53-182) 35

Non-cirrhotic fibrosiss .. ................ 31 158¢ (55-463) 61

Posthepatitic cirrhosiss .. ............... 10 204¢ (69-992) 80

AlcoholiccirrhosisS .................... 51 255¢ (39-2323) 920

Chronic hepatitis C 49 78¢ (18-1276) 53 Ngjgaard et al. 2003b
Alcoholics, no fibrosis. .. ............... 17 147 (550)° - Tran et al. 2000
Alcoholics, mild fibrosis . ............... 55 158 (800)° -

Alcoholics, moderate fibrosis............ 15 402 (1500)" -

Alcoholics, severe fibrosis............... 59 511 (1600)= -

Alcoholics, no fibrosiss . ................ 43 72 (10-388) 26 Ngjgaard et al. 2003a
Alcoholics, slight fibrosiss. . ............. 88 156¢ (31-2658) 64

Alcoholics, moderate fibrosisS . .......... 146 186¢ (38-2658) 75

Alcoholics, severe fibrosisS.............. 59 201¢ (38-1532) 76

Values are median (range) except when otherwise noted.

a: p<0.05, b: p<0.01 and c¢: p<0.001, compared with controls (Mann-Whitney test).

#: The percentage (%) of patients with elevated serum YKL-40 compared to the age-adjusted serum YKL-40 level
in healthy subjects. The normal reference region was calculated on the log trasformed serum or plasma YKL-40
levels obtained from healthy subjects (aged 18-79 years; N=260 for RIA values and N=245 for ELISA values)
(Johansen et al. 1996a IlI). The upper 95th per cent confidence limit was chosen for the limit and adjusted for age (Roys-

ton 1991).

§: RIA analysis (Johansen et al. 1993 ) but data corrected to ELISA values (YKL-40 ELISA = YKL-40 RIA X 0.479). All the other
studies used the ELISA method (Harvey et al. 1998).

a: Mean (upper value).

number of neutrophils in blood (Kronborg et al. 2002) and directly
correlated with the soluble form of urokinase-type plasminogen ac-
tivator receptor (expressed on different cell types including neu-
trophils, macrophages and lymphocytes) (Wittenhagen et al. 2004).
In patients with bacterial meningitis a correlation was found be-
tween cerebrospinal fluid concentrations of YKL-40, lactoferrin and
the number of neutrophils in cerebrospinal fluid and blood, but no
such relationship was found in patients with lymphocytic menin-
gitis or non-meningitis. YKL-40 is probably not released from the
circulating neutrophils but is first released after the cells have
reached the site of inflammation. Cerebrospinal fluid concentra-
tions of YKL-40 from patients with bacterial meningitis, lympho-
cytic meningitis and non-meningitis were also correlated with the
cerebrospinal fluid levels of neopterin (a protein secreted by macro-
phages, microgliae), indicating that YKL-40 is also secreted by ac-
tivated macrophages in the cerebrospinal fluid (Dstergaard et al.
2002).

Injection of healthy subjects with Esherichia coli endotoxin re-
sulted in a significant increase in plasma YKL-40 within 2 hours and
highest value is found at the 24 hours time-point after injection
(Johansen et al. 2005a). The exact peak value in plasma YKL-40 was
located between 8 and 32 hours after endotoxin injection, but was
not further specified in the study, since blood samples were available
at start and at 2, 4, 8, 24, and 32 hours after endotoxin injection.
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YKL-40 had a faster reaction time compared to CRP where the in-
crease was first significant after 8 hours. Endotoxaemia is known to
induce a marked increase in circulating TNFa and IL-6 already after
30 and 60 minutes with peak values at 90 minutes and 2-3 hours
after endotoxin, respectively (Bundgaard et al. 2003; Krabbe et al.
2001). It is likely that regulatory relationships exist between TNFa,
IL-6 and YKL-40 but the mechanisms are at present unknown.

The exact cellular source of the high serum and cerebrospinal
fluid concentrations of YKL-40 in patients with infectious diseases is
unknown but it probably originates from activated macrophages
and neutrophils. YKL-40 is expressed by CD14+,CD16+ macro-
phages in patients with RA (Baeten et al. 2000) and this subpopula-
tion of macrophages dominant often in sepsis (Fingerle et al. 1993).
Macrophages, one of the most versatile cell type in the body, partici-
pate in a vast array of biological processes and are key mediators of
both inflammatory functions (e.g. fighting infections) to tissue re-
modeling functions (e.g. wound healing) (Nathan 1987; Sunderkot-
ter 1994). The diversity of macrophages’ functional repertoire sug-
gests that their differentiation and activation may be subject to the
profound influence of environmental changes. Adherence to ECM
stimulates monocytes to undergo differentiation into inflammatory
or reparative macrophages and induces monocytes and macro-
phages to express macrophage colony-stimulating factor that pro-
motes long-time survival, proliferation and phagocytic activities
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(Morrissette et al. 1999; Vaday et al. 2000). As described earlier in
Chapter 1 it has been suggested that YKL-40 may be a differenti-
ation marker of macrophages since elevated YKL-40 expression was
found when monocytes differentiated to macrophages (Krause et al.
1996; Rehli et al. 1997; Renkema et al. 1998; Rehli et al. 2003), and
SAGE demonstrated that YKL-40 expression was increased 288 fold
after stimulation of monocytes with GM-CSF, 182 fold after stimu-
lation with M-CSF and 31 fold in lipopolysaccharide stimulated
monocytes (Hashimoto et al. 1999a; Suzuki et al. 2000). However,
the role of YKL-40 in acute inflammation is unknown. Inflamma-
tory responses to infections require the emigration of monocytes,
neutrophils and T-lymphocytes from the vascular system, through
endothelium, and into the ECM surrounding the injured tissue. The
alveolar macrophage is poised to respond to the usual daily exposure
to bacteria that enter the terminal airways and is capable of initiat-
ing an inflammatory reaction in the event that the microbial burden
is too large or too virulent to be contained by the resident macro-
phage alone (Nelson et al. 1995). These activated alveolar macro-
phages can also recruit neutrophils into the alveolus from the re-
serves within the pulmonary microvasculature where approximately
40% of the body’s neutrophils are marginated (MacNee et al. 1990;
Nelson et al. 1995).

The transition of neutrophils from the vasculature into the site of
inflammation elicits remarkable changes in neutrophil behavior as
the cells adhere to and migrate across ECM towards inflammatory
foci and the ultimate in situ elimination of foreign microorganisms
through phagocytosis, generations of reactive oxygen metabolites
and release of microbicidal substances. Most of the steps in this
process are dependent on the mobilisation of cytoplasmatic gran-
ules and secretory vesicles (Goetzl et al. 1996; Ganz et al. 1997;
Owen et al. 1999; Vaday et al. 2000; Faurschou et al. 2003). YKL-40
is a constituent of the specific granules in neutrophils (Volck et al.
1998), and proteins in these granules often participate in antimicro-
bial activities. However, @stergaard et al. (2002) could not demon-
strate that YKL-40 had antimicrobial activity.

Conclusions and future perspectives

YKL-40 can be regarded as an acute phase protein, since its serum
concentration increased by more than 25% following an inflamma-
tory stimulus (as defined by Kushner 1982). Patients with Strepto-
coccus pneumoniae pneumonia or bacteremia had 8-10 fold higher
serum concentrations of YKL-40 compared to healthy subjects.
Serum or spinal fluid concentration of YKL-40 can to some extent
indicate the severity and prognosis of a bacterial infection, and
serum YKL-40 might add to the information of serum CRP in pa-
tients with severe acute bacterial infections. Activated macrophages
and neutrophils are probably the major source of circulating YKL-
40 in infectious diseases. However, the function of YKL-40 in the
inflammatory foci of a bacterial infection is unknown and will
hopefully be clarified in the future.

4.2. JOINT DISEASES

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a class Il-associated autoimmune dis-
ease of unknown etiology characterized by symmetrical synovial
inflammation of the joints. Most patients experience a chronic fluc-
tuating course of the disease leading to joint damage with destruc-
tion of cartilage and periarticular bone resorption. Joint deformity
and disability often follow this progressive joint destruction. The
mortality of RA patients with long-term disease is increased com-
pared with that of the general population (Gabriel et al. 1999). The
ultimate goal of treating RA is to induce a complete remission, but
this occurs infrequently and managing RA patients are therefore to
prevent joint damage and loss of function and to decrease pain.

YKL-40 in relation to etiology of RA
A combination of genetic and environmental factors contribute to
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the initiation of RA. It is estimated from a twin population study
that genetic factors account for 15% and non-genetic factors for
85% of the etiology of RA (Svendsen et al. 2001). Certain HLA-
DRBL alleles confer both predisposition to RA and an increased risk
of disease severity. The best identified genes as risk factors for RA are
the linkage to the major histocompatibility-complex class Il anti-
gens HLA-DRB1*404 and HLA-DRB1*401. Patients with HLA-
DRB1*404 subtype exhibit greater disease severity, whereas patients
with the HLA-DRB1*401 subtype have a milder form (Nepom et al.
1996; Thomson et al. 1999; Weyand et al. 2000a).

Autoimmune diseases represent a failure of development of tol-
erance to self-proteins and antigen presentation to T cells is a key
event in several of the autoimmune diseases including RA. Antigen-
activated CD4+ T cells in the synovial membrane provide mediators
that stimulate monocytes, macrophages, and fibroblast-like
synoviocytes to produce e.g. IL-1p3, IL-6 and TNFa, and stimulate B
cells to produce immunoglobulins, rheumatoid factor (RF) and
osteoprotegerin ligands that stimulate osteoclastogenesis (Arend et
al. 1995; van de Loo et al. 1995; Tak et al. 2000; Choy et al. 2001,
Firestein 2003). The self-antigens may be immunogenic if they are
novel or presented in an altered form via a nontraditional presenta-
tion pathway (Patil et al. 2001). No specific common antigen has
been identified in the synovial membrane of RA patients. It is possi-
ble that a variety of antigens are involved in the T cell response and
that the antigens presented to T cells vary during the course of the
disease. A number of possible endogenous antigens have been iden-
tified, including type Il collagen, citrullinated protein, heavy-chain-
binding protein and YKL-40 (Blass et al. 1999). YKL-40 is a candi-
date autoantigen in RA for the following reasons: 1) YKL-40 derived
peptides, which bind with high affinity to the RA-associated HLA-
DR1 and DR4, were recognized by peripheral T cells from RA pa-
tients and these T cells showed a proliferative response to YKL-40
peptides (Verheijden et al. 1997; Cope et al. 1999; Vos et al. 2000a);
2) HLA-DM-dependent presentation pathway was involved in the
presentation of autoantigenic YKL-40 epitopes (Patil et al. 2001);
3) HLA-DR/YKL-40%3-2"5 complexes were expressed by dendritic
cells in RA synovium (Steenbakkers et al. 2003; Baeten et al. 2004)
and associated with histologic features of follicular synovitis and
was specific for RA (Baeten et al. 2004); 4) YKL-40 induced a
chronic relapsing arthritis in BALB/c mice, which clinically and his-
tologically resembles RA; 5) This arthritis could be delayed and sup-
pressed by intranasal administration of YKL-40 prior to immuniza-
tion (Merheijden et al. 1997; Joosten et al. 2000); and 6) Nasal toleri-
zation with YKL-40 had a beneficial effect on both inflammation
and tissue destruction in collagen-induced arthritis in mice (Joosten
et al. 2000). Kavanaugh et al. (2003) has shown in a small rand-
omized, double blind, placebo controlled phase I/11 study that 7 in-
travenous infusions with a soluble complex of native HLA-DR4
(B*0401) complexed to a 1311 Da peptide (corresponding to amino
acid residues 263-275 of YKL-40) led to T cell inactivation and im-
munologic tolerance in patients with persistent RA. 67% of the pa-
tients who received the highest dose had a clinical response after 5
infusions compared with 14% in the placebo treated group. These
findings suggest that YKL-40 may play a fundamental role in the
pathophysiology of RA and that immunological tolerance of the
protein may control disease activity in RA patients.

YKL-39, another mammalian chitinase-like protein, also induced
arthritis in mice, and antibody production against recombinant
YKL-39 was found in the immunized mice (Sakata et al. 2002). The
precise existence of anti-YKL-40 antibodies in serum samples from
RA patients is unknown. Sekine et al. (2001) found that only 1% of
RA patients had detectable anti-YKL-40 antibodies and 8% had
anti-YKL-39 antibodies.

YKL-40 expression in synovial membrane
and cartilage of RA patients
The joints are enclosed in a strong fibrous capsule. Each articular
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bone end within the joint is lined by a thin layer of articular car-
tilage, and the inner surface of the joint capsule is lined with the
synovial membrane which consists of a surface layer of cells (syno-
vial lining), a superficial microvasculature net, and a connective
tissue substratum (subsynovium). The synovial lining in a normal
joint is typical of 1-3 cell layers of which most are macrophages and
fibroblast-like synovial cells. The subsynovium varies in compon-
ents in different regions of the joint, comprising loose connective
tissue, adipose tissue, dense fibrous tissue and a plexus of fine
lymphatic vessels that are important for synovial fluid regulation
and are the route by which proteins and macromolecules are re-
moved from the joints. The ECM of the subsynovium is mainly
composed of type | and type Il1 collagens, sulfated glycosaminogly-
cans, hyaluronan, and structural glycoproteins. Articular cartilage is
a multiphasic material with a fluid phase (water and electrolytes)
and the ECM (composed of collagens, proteoglycans, hyaluronan,
and noncollagenous proteins). The two main ECM components of
articular cartilage, type 1l collagen and aggrecan, are almost car-
tilage specific. Proteins in articular cartilage are synthesized by
chondrocytes, the only cells located in articular cartilage.

One of the earliest histological changes of synovial inflammation
in early RA patients is an increased number of blood vessels (Tak et
al. 2000). Angiogenesis (formation of new microvessels from the
preexisting vasculature) is essential in maintaining and nourishing
synovial tissue and has a central feature in synovial inflammation
and pannus formation, and without angiogenesis leukocyte ingress
could not occur (Koch et al. 1994, 1998, 2000; Paleolog et al. 1998a;
Walsh 1999). Although synovial neoplasia is not associated with RA,
parallels are found between tumors and the arthritic synovial mem-
brane, with its features of hyperplasia, hypertrophy, inadequate apo-
ptosis of the synovial-lining cells, oedema, angiogenesis, inflam-
mation and invasivenes. Many factors known to promote angiogen-
sis and proliferation of invasive tumors (Ferrara 2002; Bergers et al.
2003) are also produced by fibroblast-like synovial cells (Bucala et
al. 1991; Remmers et al. 1991; Qu et al. 1994; Zvaifler et al. 1994;
Firestein 2003), and the concept of a “transformed” phenotype has
been applied to RA fibroblast-like synovial cells (Konttinen et al.
2000). Activated fibroblast-like synovial cells demonstrate aggressive
growth and invasive activity, have increased expression of cell ad-
hesion molecules and oncogenes, secrete proteolytic enzymes and
cytokines, and carry intrinsic genetic defects that prevent them from
undergoing apoptosis (Richlin et al. 1994; Firestein 2003). In early
RA T cells and B cells infiltrate the synovial membrane and are also
found in the synovial fluid, along with large numbers of neutrophils.
In established RA, the synovial membrane becomes transformed
into an inflammatory tissue, the pannus, that consists of macro-
phages, T and B cells, mast cells, endothelial cells and hyperplastic
fibroblast-like synovial cells. The synovium from non-cartilage-pan-
nus junction sites is also hypertrophic and edematous with accumu-
lation of T and B cells, plasma cells, macrophages, neutrophils, mast
cells, natural killer cells, and dendritic cells in the subsynovium and
with macrophages and fibroblast-like synoviocytes in the synovial
lining (Tak et al. 2000, Firestein 2003). Areas with granulomatous
necrosis, fibrin deposition and fibrosis can be observed. Few neu-
trophils are found in the inflamed synovial membrane except at the
cartilage-pannus junction, but large numbers of neutrophils traffic
through the synovial lining layer into the synovial fluid. Neutrophils
comprise >90% of the cells in synovial fluid from active RA patients
and have a turnover rate of >10° cells per day in an inflamed knee
joint (Hollingsworth et al. 1967).

IL-1pB, IL-6 and TNFa (produced by activated macrophages and
fibroblast-like synovial cells) are the key cytokines that drive inflam-
mation in RA and have a primary role in the joint damage of RA.
TNFa is an autocrine stimulator as well as a potent paracrine in-
ducer of other inflammatory cytokines, including IL-1p3, IL-6, IL-8
and granulocyte-monocyte colony-stimulating factor. IL-13 and
TNFa are potent stimulators of macrophages, fibroblast-like syno-

182

vial cells, neutrophils, chondrocytes and osteoclasts to release
metalloproteinases (MMPs), other proteinases and tissue plasmino-
gen activator. Furthermore, IL-1(3 and TNFa inhibit the synthesis of
tissue inhibitors of metalloproteinases (TIMPs), collagen and
proteoglycan and inhibit chondrocyte proliferation and induce cell
death. This leads to degradation of cartilage and subchondral bone.
Cartilage destruction is followed by an increase in the synthesis of
TGF, IGF-1, bFGF, and bone morphogenic proteins (BMPs) which
stimulate production of ECM, TIMPs and increase chondrocyte sur-
vival and replication. Bone erosions in RA patients is regulated by
the receptor activator of nuclear factor (NF)-kB ligand (RANKL).
RANKL is expressed by T cells and synoviocytes in response to
TNFa and granulocyte-macrophage colony-stimulating factor and
contribute to osteoclast maturation and activation (Walsh et al.
2004). IL-1B and TNFa also stimulate expression of adhesion mol-
ecules on endothelial cells and increase recruitment of neutrophils
into inflammatory sites of the joints. The best studied anti-inflam-
matory cytokines are 1L-10 (produced by monocytes, macrophages,
B and T cells) and IL-4 (produced by CD4+ type 2 helper T cells).
Both decrease IL-1p and TNFa, IL-4 participates in the differenti-
ation and growth of B cells and inhibits the activation of type 1
helper T cells, and IL-10 inhibits the proliferation of T cells (Weiss
1989; Chatman et al. 1993; Moore et al. 1993, 1999; Smith 1994;
Phillinger et al. 1995; Nagase et al. 1999; Van Meurs et al. 1999, Ko-
take et al. 1999; van Bezooijen et al. 1999; Gravallese EM et al. 2000;
Tak et al. 2000; Choy et al. 2001; Firestein 2003).

Nyirkos et al. reported in 1990 that synovial cells obtained from
the synovial membrane of RA patients at time of joint replacement
secreted YKL-40 in vitro. In 1993 Hakala et al. demonstrated YKL-
40 mRNA expression in inflammed synovial tissue and cartilage
from RA patients but no expression in non-inflamed synovial mem-
brane and normal cartilage. Recently two-dimensional polyacryl-
amide gel electrophoresis and mass spectrometry found that YKL-
40 was a major protein of fibroblast-like synovial cells from RA pa-
tients with inflammed synovial membrane (Dasuri et al. 2004). Im-
munohistochemical analysis of RA synovial membranes have shown
YKL-40 protein expression in mononuclear cells located in the
stroma and along the synovial lining, and in the pannus YKL-40
antigen was also detected in the ECM (Baeten et al. 2000; Volck et al.
2001). Many of the cells with YKL-40 protein expression were
CD68+ (i.e. macrophages) (Volck et al. 2001) and flow cytometric
analysis showed that the YKL-40+ cells were also CD16+ with a
variable expression of CD14, CD33 and HLA-DR+ (Baeten et al.
2000). Not all mononuclear cells in the synovial membrane of RA
patients were YKL-40+. In some areas of the synovial membrane
most of the mononuclear cells were YKL-40+ and in other areas no
cells were YKL-40+. The number of YKL-40+ mononuclear cells
was related with the degree of synovial inflammation, a severely in-
flamed synovial membrane had more YKL-40+ cells compared to a
less inflamed membrane (Volck et al. 2001). The number of YKL-
40+ cells in the synovial lining layer of the inflammed synovial
membrane from RA patients correlated with a radiological score
reflecting joint destruction (Baeten et al. 2000).

Immunohistochemical analysis of cartilage biopsies from knee
joints of RA patients at time of total knee joint replacement showed
YKL-40 protein expression in chondrocytes located in all layers of
the cartilage, particularly by chondrocytes in the superficial and
middle layer, here 25% of the chondrocytes had YKL-40 expression
(Volck et al. 2001). No YKL-40 is found in the pericellular matrix or
ECM of cartilage. The reason may be that YKL-40 is present in the
cartilage ECM in a to low concentration to be detected by the anti-
bodies or YKL-40 may be bound to macromolecules in a way that
prevents its detection.

The functions of YKL-40 expression by macrophages, neu-
trophils, fibroblast-like synoviocytes, and chondrocytes in the arth-
ritic joint are unknown. YKL-40 stimulates the proliferation rate of
synovial cells and chondrocytes in vitro (De Ceuninck et al. 2001a;
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Recklies et al. 2002) indicating an autocrine function, and YKL-40 is
suggested to be a differentiation marker in chondrocytes (Imabya-
yashi et al. 2003) and may protect the cells from undergoing apopto-
sis (see Chapter 1). It is also possible that YKL-40 in the hypoxic ar-
thritic joint stimulates angiogenesis. YKL-40 is a growth factor of
vascular endothelial cells (Malinda et al. 1999; Nishikawa et al.
2003) and is up-regulated in cancer cells by hypoxia (Junker et al.
2005b). Hypoxia is a potent stimulus for angiogenesis and tumor
growth (Harris 2002), and the RA synovial microenvironment is
also often ischemic and hypoxic (Mapp et al. 1995; Bodamyali et al.
1998).

Biomarkers of disease activity and prognosis in RA patients

A major problem in facing decisions for treatment of RA patients is
that no reliable predictive parameters exist for the disease course of
the individual patient. The American College of Rheumatology
(ACR) 1987 classification criteria for RA (Arnett et al. 1988) do not
help in identifying RA patients with a high risk of severe disease.
HLA-DRB1*04 alleles are predictors of development of bone ero-
sions in patients with established RA (Wagner et al. 1997), and this
has also been found in some (Combe et al. 2001; Goronzy et al.
2004) but not in all studies of patients with early RA (Wagner et al.
1997; Mo6ttonen et al. 1998; Harrison et al. 1999). It is not yet re-
commended to use genetic markers as either diagnostic or prog-
nostic criteria of RA patients. Poor prognosis of RA patients is sug-
gested by bone erosions at time of diagnosis, high IgM RF, increased
erythrocyte sedimentation rate (ESR) and serum CRP (Brennan et
al. 1996; Young et al. 1997; Harrison et al. 2000; Scott 2000; Bukhari
etal. 2001; Combe et al. 2001; Landewe et al. 2002; Visser et al. 2002,
Goronzy et al. 2004), and variant mannose-binding lectin genotypes
(Graudal et al. 2000a, 2000b; Ip et al. 2000). However, these para-
meters only explain some of the variation in progression of joint
damage in RA patients.

ESR and CRP are the classical acute phase proteins used many
years as biomarkers of inflammation to estimate disease activity in
RA patients (Kushner 1991; Emery et al. 1993). ESR is an indirect
reflection of the concentration in blood of many acute phase pro-
teins (in particular fibrinogen), since its rate depends on the aggre-
gation and subsequent fall of erythrocytes. Many abnormalities (e.g.
microcytosis and anemia) influence the ESR and cannot be cor-
rected for adequately. CRP, a member of the pentraxin protein fam-
ily, is a pattern recognition receptor and probably a key component
of the innate immune system, although its exact in vivo function is
unknown (Kushner 1991; Gabay et al. 1999; DuClos 2000). CRP is
not produced by cells in the arthritic joint but is secreted in the liver
by hepatocytes in response to high circulating levels of IL-6, IL-13
and TNFa (Castell et al. 1990; Gauldie et al. 1992; Baumann et al.
1994). Serum CRP in RA patients is therefore a non-specific indirect
measurement of synovial inflalmmation. The ACR RA guidelines
recommend measurement of serum CRP at time of diagnosis of RA
and periodically during treatment in order to evaluate disease activ-
ity and progression of joint destruction (ACR subcommittee on RA
guidelines 2002). A high serum CRP over time in RA patients is as-
sociated with greater progression of joint destruction (Emery et al.
1993; Hassell et al. 1993; Van Leeuwen et al. 1994, 1997; Otterness
1994; Plant et al. 2000). However, high serum CRP at time of diag-
nosis is not a predictor of poor prognosis (Brennan et al. 1996; van
Leeuwen et al. 1997; Green et al. 1999; Visser et al. 2002), and radio-
logical progression of joint destruction can occur despite normal
serum CRP. This is often the case in early RA patients.

Efforts have therefore been undertaken for the last two decades to
find reliable biomarkers of disease prognosis in early RA patients
and biomarkers of disease activity to be used during different treat-
ment regimens and follow-up of RA patients. Potential biomarkers
of joint inflammation and joint destruction in RA patients are pro-
teins secreted by cells in the arthritic joint or molecules or fragments
of connective tissue matrices of each of the 3 different joint tissues
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(synovial membrane, cartilage and bone) released into synovial
fluid and serum during the process of synovial inflammation, and
cartilage and bone degradation/remodeling. Vascular endothelial
growth factor (VEGF) is a specific growth factor for endothelial cells
and is secreted by activated macrophages and fibroblast-like syno-
vial cells in the synovial membrane (Achen et al. 1998; Neufeld et al.
1999; Koch 2000, Ferrara et al. 2003). High serum levels of VEGF are
found in patients with early and chronic RA and have been asso-
ciated with severe disease activity and progression in joint destruc-
tion (Harada et al. 1998; Paleolog et al. 1998a, 2002; Ballara et al.
2001; Koch 2000). RA patients with high serum MMP-3 have a
poorer prognosis and increased risk of joint destruction compared
with RA patients with normal serum MMP-3 (Posthumus et al.
1999; Ribbens et al. 2000; Yamanaka et al. 2000). Serum TIMP-1 is
found to be elevated (Yoshihara et al. 1995) or normal (Ishiguro et
al. 1996; Keyszer et al. 1999) in RA patients but its prognostic value
is unknown. Elevated IL-6 concentration in serum and synovial
fluid are found in RA patients compared with controls, and is cor-
related with disease activity and joint destruction (Houssiau et al.
1988; Swaak et al. 1988; Dasgupta et al. 1992; Manicourt et al. 1993;
Kotake et al. 1996; Desgeorges et al. 1997; Nishimoto et al. 2000).
Serum IL-6 decreases after DMARD therapy (Dasgupta et al. 1992).
Serum levels of hyaluronan (Goldberg et al. 1991; Hedin et al. 1991,
Paimela et al. 1991; Laurant 2001) and the aminoterminal propep-
tide of type Il procollagen (PININP) (Harslev-Petersen et al. 1986,
1990) are also elevated in RA patients with active disease but are not
sensitive markers of joint destruction. Potential biomarkers of carti-
lage remodeling are serum cartilage oligomeric matrix protein
(COMP) and urinary concentrations of crosslinking telopeptides of
type Il collagen. Both parameters are reported to be related to vari-
ations in disease activity and joint destruction of RA patients (Fors-
lind et al. 1992; Saxne et al. 1992; Mansson et al. 1995; den Broeder
et al. 2002; Garnero et al. 2002b, 2002c). Potential biomarkers of
bone remodeling are serum and urine levels of pyridinolins and the
crosslinking telopeptides of type I collagen, serum RANKL, osteo-
pontin and osteocalcin (Garnero et al. 2000, 2002b, 2002c). Many
immunoassays, some of which are commercially available, are de-
veloped to measure these potential biomarkers in synovial fluid,
serum/plasma, or urine. However, none are specific for RA or joint
tissue, except the parameters reflecting type Il collagen synthesis
and degradation. None of these biomarkers are approved for routine
use in daily clinical rheumatology practice as markers of disease
activity and prognosis in RA patients. At present these biomarkers
are only used for research purposes.

Ideally, a good biomarker to be used in RA patients for diagnosis,
prognosis of joint destruction, prediction of effect of treatment and
monitoring of disease activity would be a marker that is specific for
RA, abnormal in RA patients with active disease (i.e. ongoing
inflammation with destruction of cartilage and bone) and normal in
patients with inactive disease. Such a marker is not available today
and may not even exist. It is not likely that a single biomarker will be
useful for exact determination of the complicated disease process in
the arthritic joint of a RA patient. It is more likely that a com-
bination of different biomarkers with imaging techniques (e.g. con-
ventional radiography, magnetic resonance imaging (MRI), power
Doppler ultrasonography (UL)) and clinical parameters of disease
activity (e.g. the number of swollen and tender joints, disability in-
dex of the health assessment questionnaire (HAQ) score and visual
analogue scale (VAS) of pain) will prove to be of clinical value for a
more precise assessment of disease activity and prognosis in RA pa-
tients.

Synovial fluid concentrations of YKL-40 in RA patients

YKL-40 was detectable in synovial fluid from RA patients with con-
centrations from a few hundred nanograms to more than 5 micro-
grams per ml (Johansen et al. 1993 I; Kawasaki et al. 2001; Volck et
al. 2001). The YKL-40 concentration in synovial fluid from RA pa-
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Table 2. Synovial fluid
(SF) and serum levels (ug/l)

of YKL-40 in patients with
rheumatoid arthritis and
osteoarthritis.

Diagnosis N Median (range) Reference

SFYKL-40 (RA)S .. o 29 1059 (338-2263) Johansen et al. 1993 |
SFYKL-40 (knee OA)S. . .. ...t 7 824 (352-1253) Johansen et al. 1993 |
SF YKL-40 (late severe knee OA)S . ............. 15 931 (134-2498) Johansen et al. 1996a Il
SF YKL-40 (early knee OA)S . .................. 10 626 (240-3495) Johansen et al. 1996a Il
SF YKL-40 (severe hip OA) .. ... 19 886 (154-4728) Kawasaki et al. 2001

SF YKL-40 (severe hip osteonecrosis) ........... 21 2224 (810-5391) Kawasaki et al. 2001

SF YKL-40 (failed hip arthroplasty) . ............ 5 3265 (2436-4009) Kawasaki et al. 2001

SF YKL-40 (severe hipRA) ...........coiiiun.. 14 2120 (485-6850) Volck et al. 2001

SF YKL-40 (severe knee OA)S. . ................ 29 1190 (274-2600) Volck et al. 2001

Serum YKL-40 (RA)S . .. ..ot 29 70b (21-350) Johansen et al. 1993 |
Serum YKL-40 (knee OA)S ... ................. 7 54 (32-114) Johansen et al. 1993 |
Serum YKL-40 (late severe knee OA)S. . ......... 37 90k (32-789) Johansen et al. 1996a IlI
Serum YKL-40 (early knee OA)S . .............. 17 54 (14-151) Johansen et al. 1996a Il
Serum YKL-40 (active RA)S. . .................. 105 112b (21-521) Johansen et al. 1999b IV
Serum YKL-40 (inactive RA)S . ... .............. 20 81 (65-252) Johansen et al. 1999b IV
Serum YKL-40 (earlyRA)S .. ... ... .. ... ... 51 62b (17-431) Johansen et al. 2000b
Serum YKL-40 (earlyRA) ... ..o 76 98¢ (21-408) Johansen et al. 2001a
Serum YKL-40 (active RA) .................... 56 126¢ (20-525) Harvey et al. 1998
Serum YKL-40 (inactive RA). . ................. 9 42 (20-125) Harvey et al. 1998
Serum YKL-40 (OA) . ...ttt 27 104¢ (20-720) Harvey et al. 1998
Serum YKL-40 (earlyRA) ... ...t 57 74 (50-102)# Harvey et al. 2000
Serum YKL-40 (destructive RA) .. .............. 166 99c Garnero et al. 1999
Serum YKL-40 (non-destructive RA) ............ 138 43 Garnero et al. 1999
Serum YKL-40 (knee OA) .. ... 67 121 (155)= Garnero et al. 2001
Serum YKL-40 (earlyRA) .. ...t 191 110 (80)= Combe et al. 2001
Serum YKL-40 (earlyRA) ... ...t 52 75b (20-1085) Peltomaa et al. 2001
Serum YKL-40 (RA) . . ..o 72 150¢ (7-525) Matsumoto et al. 2001
Serum YKL-40 (hip OA) ... ... 45 682 (33-343) Conrozier et al. 2000
Serum YKL-40 (knee OA) . .. ..., 33 94b (46)° Maciel et al. 2000
Serum YKL-40 (RA)in house method . 47 312 (10-375) Vos et al. 2000

Serum YKL-40 (OA)inhousemethod =~ ., 51 21 (10-155) Vos et al. 2000

Serum YKL-40 (severe RA of the knee).......... 12 87b (20-218) Volck et al. 2001

Serum YKL-40 (late severe knee OA) ........... 31 73b (26-565) Volck et al. 2001

Serum YKL-40 (early OA) . . .. ..o 29 112 (71)= Abe et al. 2004

Serum YKL-40 (late OA). . ....... ... ... 28 214 (193)= Abe et al. 2004

Serum YKL-40 (knee OA) . .. ..., 89 59 (35)@ Pavelka et al. 2004

SF = synovial fluid. Values are median (range) except when otherwise indicated.
a: p<0.05, b: p<0.01 and c¢: p<0.001, compared with controls (Mann-Whitney test).

#) Median (interquartile range).

§) RIA analysis (Johansen et al. 1993 I) but data corrected to ELISA values (YKL-40 ELISA=YKL-40 RIA X 0.479).
All the other studies used the ELISA method (Harvey et al. 1998). ELISAin-house (\os et al. 2000).

a) Mean (SD).

tients with active disease was higher than the level in OA patients
and patients with traumatic knee joint disease (Johansen et al. 1993
1, 1996 Illa; Volck et al. 2001) (Table 2). The synovial fluid concen-
tration of YKL-40 is determined by the secretion of YKL-40 from
cells in the joint to the synovial fluid as well as by the clearance of
YKL-40, which is unknown, from the joint cavity. YKL-40 in syn-
ovial fluid probably originates mainly from activated macrophages
in the inflamed synovium and neutrophils in the synovial fluid. A
small amount of YKL-40 may also originate from chondrocytes. The
concentration of YKL-40 in synovial fluid from knee joints of RA
and OA patients correlated with the volume of synovial membrane
and joint effusion determined by MRI (rho = 0.64 and 0.59,
p<0.001) (Volck et al. 2001). Furthermore, a relation was found be-
tween the number of YKL-40+ cells in the synovial membrane and
the concentration of YKL-40 in synovial fluid (Volck et al. 2001).
The relationship between the synovial fluid concentration of YKL-
40 and a clinical index of synovial inflammation was low (Johansen
et al. 1993 I). The concentration of YKL-40 in synovial fluid and
serum was correlated (rho = 0.46-0.55), and 10-20 fold higher YKL-
40 levels were found in synovial fluid compared to serum (Johansen
et al. 1993 I; Volck et al. 2001). Synovial fluid concentrations of
YKL-40 in RA patients were also correlated with ESR and serum
CRP (rho = 0.62-0.68) (Volck et al. 2001), and with synovial fluid
concentrations of IL-6 (rho = 0.47) and the elastolytic activity by
live human monocytes/macrophages (rho = 0.58) (Johansen et al.
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1993 I). No correlations were found between synovial fluid levels of
YKL-40 and PIINP, COMP, GAG and markers of specific granules
in neutrophils (Volck et al. 2001). It is unknown if YKL-40 levels in
synovial fluid are correlated with MMPs, TIMPs, VEGF and hyalu-
ronan levels in synovial fluid.

Serum YKL-40 concentrations in RA patients

in relation to disease activity

Twelve studies are published regarding serum YKL-40 in RA pa-
tients (Johansen et al. 1993 I, 1999b 1V, 2000b, 2001b; Harvey et al.
1998, 2000; Garnero et al. 1999; Vos et al. 2000b; Combe et al. 2001;
Matsumoto et al. 2001; Peltomaa et al. 2001; Volck et al. 2001)
(Table 2). All reported elevated (1.4-3.5 fold) serum YKL-40 in pa-
tients with active RA compared to healthy controls, but a consider-
able overlap in serum YKL-40 existed between RA patients and con-
trols. Patients with unclassified polyarthritis had normal serum
YKL-40 (Johansen et al. 2000b). Serum YKL-40 was not related with
disease duration (Johansen et al. 1999b 1V; Vos et al. 2000; Mat-
sumoto et al. 2001; Peltomaa et al. 2001) but increased as the func-
tional disability of the patients became more severe (Matsumoto et
al. 2001). Figure 2 illustrates the individual serum YKL-40 levels in
395 RA patients according to disease activity and age (Johansen et
al. 1999b 1V; 2000b; Volck et al. 1999a). Patients with active RA had
significantly higher serum YKL-40 than inactive RA patients and
age-matched controls. No difference in serum YKL-40 was found
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Figure 2. Individual serum YKL-40 levels in 395 RA patients (female/male:
305/90; median age = 60 years, range 20-85; median disease duration = 3.5
years, range 0.2-44). The patients had RA according to the ACR criteria
(Arnett et al. 1988) and are described in 3 different studies (Johansen 1999b
1V, 2000b; Volck et al. 1999a) and one unpublished. 310 of the RA patients
had moderate to severe disease activity (defined by the presence of >2
groups of swollen joints and at least two of the following criteria: morning
stiffness lasting >60 min, ESR >35 mm/hour and serum CRP > 150 nmol/l) and
85 patients had inactive or mild disease activity (defined by the presence of
<2 swollen joints, morning stiffness lasting <30 min, ESR <30 mm/hours and
serum CRP <150 nmol/l). The serum YKL-40 levels were determined by RIA
(Johansen et al. 1993 I) but the data was corrected to ELISA values (YKL-40
ELISA=YKL-40 RIA X 0.479). Patients with active RA had higher (p<0.001)
serum YKL-40 (median 94 pg/l, range 20-613) than patients with inactive
RA (median 72 pg/l, range 20-353). The upper 95t percent limit of serum
YKL-40 in 245 healthy adults is 124 pg/l.

between inactive RA patients and controls. Serum YKL-40 was ele-
vated (i.e. higher than the age-corrected upper 95" percentile of
healthy subjects) in 37% of the RA patients with active disease and
in 13% of the patients with inactive disease. 49% of patients with
early RA (defined as a disease duration <2 years) and active disease
had elevated serum YKL-40 (Johansen et al. 2001b).

Low correlations were found between serum YKL-40 and an area-
weighted swollen joint index (Johansen et al. 1999b V) and the
Ritchie Articular Index (RAI) (Peltomaa et al. 2001), and no correla-
tion was found between serum YKL-40 and the degree of synovial
inflammation expressed either as the total number of swollen joints,
a knee index, or an articular index (Johansen et al. 1993 1, 1999b 1V,
2001b). The reason may be that: 1) it is difficult precisely to measure
the degree of synovial inflammation by counting the number of
swollen joints; 2) a single large inflammed joint (e.g. the knee) con-
tributes more to the amount of YKL-40 in serum than many small
finger joints; 3) the metabolism and clearance of YKL-40 from the
arthritic joint and blood is unknown; and 4) YKL-40 in serum may
also originate from YKL-40+/CD14+/CD16+ PBMCs and from ac-
tivated macrophages and neutrofils in other tissues.

Low correlations were found between serum YKL-40 and ESR
and serum CRP levels in RA patients (rho = 0.33-0.60) (Johansen et
al. 1993 I, 1999b IV, 2000b, 2001h; Harvey et al. 2000; Vos et al.
2000; Matsumoto et al. 2001; Peltomaa et al. 2001; Volck et al.
2001a; den Broeder et al. 2002), and high serum YKL-40 in RA pa-
tients were not always followed by elevations in ESR and serum CRP
and vice versa. Approximately 70% of the patients with elevated
serum YKL-40 had also high ESR or serum CRP (Johansen et al.
1999b 1V) indicating that ESR, serum CRP and YKL-40 levels reflect
inflammation of RA patients differently. The elevated serum YKL-
40 level observed in some RA patients with active disease most likely
originates from macrophages, neutrophils and fibroblast-like syn-
ovial cells in the arthritic joint, whereas ESR and CRP are not pro-
duced locally in the arthritic joint. Serum YKL-40 also correlated
with serum PIHIINP (Johansen et al. 1993 1, 1999b IV, 2001b), serum
hyaluronan (2001b), blood Mg elastolysis (Johansen et al. 1993 1),
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serum IgM RF (Vos et al. 2000), serum pro-MMP3 (Johansen et al.
2001b), serum MMP1 and MMP3 (den Broeder et al. 2002), serum
IL-6 (Johansen et al. 1993 I; Matsumoto et al. 2001), plasma VEGF
(Klarlund et al. 2000), and inversely with serum IGF-1 (Matsumoto
et al. 2001). None of the correlations were high, only on the order of
0.25-0.55 (Spearmans rho). YKL-40 is a growth factor for endo-
thelial cells (Malinda et al. 1999) and the relation between plasma
VEGF and YKL-40 levels in RA patients may reflect a relation be-
tween serum YKL-40 and angiogenesis of the inflammed synovium.
YKL-40 may also have an effect on PIIINP and hyaluronan synthesis
by fibroblast-like synovial cells, since YKL-40 increases growth rates
of fibroblastic cell lines (derived from human osteoarthritic syn-
ovium) and the number of rabbit synovial cells (De Ceuninck et al.
2001b; Recklies et al. 2002). No relations were found between serum
YKL-40 and age, morning stiffness, grip strength, HAQ-, disease
activity score (DAS), and doctor’s and patient’s VAS score (Johansen
etal. 1999b IV, Vos et al. 2000; Peltomaa et al. 2001).

Flow cytometry has shown that the percentage of YKL-40+ PB-
MCs was higher in RA patients compared to patients with spondyl-
arthropathy and healthy controls, but not different from patients
with OA or liver cirrhosis. The number of YKL-40+ PBMCs cor-
related with ESR, serum CRP and YKL-40 levels. The YKL-40+
monocytes in peripheral blood from RA patients were different
from “classic” monocytes and circulating dendritic cell precursors.
The YKL-40+ cells were CD16+, had a dim expression of CD14
(Baeten et al. 2000) and resembled the CD14+,CD16+ monocyte
population described by Ziegler-Heitbrock et al. (1996). Functional
studies of CD14+,CD16+ cells indicate that these cells, compared
with CD14++, CD16- monocytes, have acquired while in the cir-
culation features in common with mature inflammatory tissue
macrophages (see Chapter 1). The physiologic role of the YKL-40+,
CD14+,CD16+ monocyte type is unknown. The frequency of
CD14+,CD16+ monocytes was increased in RA patients compared
to healthy subjects, and patients with increased frequency of CD16+
monocytes had active disease. It is unknown which factors drive the
RA monocytes into this maturation pathway. It has been suggested
that YKL-40+,CD16+ monocytes amplify the local autoimmune
T cell response (Kawanaka et al. 2002), and that increased presence
of YKL-40+ monocytes in RA patients does not reflect an abnormal
cell population, but rather an activation of a specific differentiation
pathway from normal monocytes to YKL-40+,CD16+ monocytes
(Baeten et al. 2000). The phenotypic similarity between YKL-40+
mononuclear cells in blood and synovial tissue, the focal distribu-
tion pattern in the synovial lining, and the observation of solitary
YKL-40+ mononuclear cells in synovial blood vessels and stroma
suggest a migration of these cells between the peripheral blood and
the synovial lining layer of RA patients (Baeten et al. 2000).

Serum YKL-40 concentrations in RA patients

during different treatment regimens

Several studies have evaluated if serum YKL-40 in RA patients are
influenced by treatment with different disease modifying anti-
rheumatic drugs (DMARD’s) or glucocorticoids (Johansen et al.
1999b IV, 2000b, 2001a, 2001b; Harvey et al. 1998; Charles et al.
1999; Volck et al. 1999a, 2001; Peltomaa et al. 2001). The mean de-
creases in serum YKL-40 (in % of initial value) were modest. Treat-
ment with low doses of methotrexate (MTX) (7.5 to 10 mg p.o. once
weekly) resulted in decreases in serum YKL-40 of 15% and 20%
after 2 and 6 months of treatment, but after 12 months of MTX
treatment no difference in serum YKL-40 was found compared to
baseline levels (Johansen et al. 1999b V). Early RA patients treated
with sulphasalazine had decreases in serum YKL-40 of 17% after 3
months, 28% after 6 months and 29% after 24 months, whereas
penicillamine had no effect on serum YKL-40 (Johansen et al.
2001b; Peltomaa et al. 2001). 12 months of leflunomide treatment
reduced serum YKL-40 by 27% (Volck et al. 1999a). The mean %
decreases in ESR and serum CRP in the same patients during
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DMARD therapy were more pronounced than the decreases in se-
rum YKL-40. Correlations existed between the % changes in serum
YKL-40 and the % changes in ESR, serum CRP and PIIINP after one
year of DMARD therapy of RA patients (ESR: rho = 0.50; CRP: 0.52;
PIINP: 0.38), but the correlations were not as high as the corre-
lation between the % changes in ESR and serum CRP (rho = 0.75).
The % changes in the number of swollen joints and serum YKL-40
in RA patients after one year of DMARD therapy were also cor-
related (rho = 0.46) and similar to the correlations between the %
changes in the number of swollen joints, ESR and serum CRP (Jo-
hansen et al. 2001a).

ACR has developed criteria for defining improvement (Felson et
al. 1995) and clinical remission (Pinals et al. 1981). It is a composite
measure that can be used to categorize a patient as “improved” or
“not improved” when specified disease manifestations at one point
in time are compared with those at an earlier (e.g. baseline) time
point. These criteria have been accepted for outcome assessment in
clinical trials of RA patients, but have not yet been widely adopted in
clinical practice. The ACR 20% (ACR20) improvement definition
includes seven criteria. It requires =20% decreases in both the
number of swollen and tender joints as well as =20% decreases in 3
or more of 5 secondary criteria (patient’s global assessment of dis-
ease activity, physician’s global assessment of disease activity, pa-
tient’s assessment of pain, patient’s self-assessed disability (e.g. HAQ
score), and levels of ESR or serum CRP). These criteria have been
expanded to include criteria for 50% (ACR50) and 70% (ACR70)
improvement measures. Although 20% improvement represents a
real, measurable response to treatment, patients with 20% improve-
ment may still have considerable disease activity and could experi-
ence an additional 20% improvement (from a new baseline) several
times before achieving clinically acceptable control of their RA. The
European League Against Rheumatism (EULAR) has also developed
criteria for defining improvement in RA patients. “The Disease Ac-
tivity Score” (DAS) (Van der Heijde et al. 1990, 1992) uses 3 vari-
ables: RAI, the number of swollen joints and ESR which are in-
cluded in a formula DAS = 0.54 VRAI + 0.065 (number of swollen
joints) + 0.33 (In ESR) + 0.224. A DAS decrease of = 1.2 corresponds
to improvement (Van Gestel et al. 1996).

Harvey et al. (1998) found that RA patients with a ACR20 re-
sponse during DMARD therapy (methotrexate alone, sulfasalazine
and hydroxychloroquine in combination, or all three drugs in com-
bination) had a decrease in serum YKL-40 of 21% compared to
baseline levels. Moderate responders had a decrease in serum YKL-
40 of 13% and non-responders an increase in serum YKL-40 of
13%. The percentages of patients with a decrease in serum YKL-40
of =20% were 49% and 46% after 3 and 12 months of MTX therapy,
50% and 79% after 3 and 12 months of sulphasalazine therapy, 35%
and 32% after 3 and 12 months of leflunomide, and 35% and 43%
after 3 and 12 months of penicillamine therapy (Johansen et al.
2001a). Only few patients had a decrease of =50% in serum YKL-40
after 3 and 12 months of DMARD therapy.

Complete remission of disease activity in RA patients is defined as
the absence of symptoms of active inflammatory joint pain, mor-
ning stiffness, fatigue, synovitis on joint examination, progression
on radiographic damage on sequential radiographs, and elevation of
ESR or serum CRP (Pinals et al. 1981). Only one study has meas-
ured serum YKL-40 levels in patients who went into remission after
DMARD therapy. These patients had a significant decrease in serum
YKL-40 of 30% compared to the level when the patients had active
disease (Johansen et al. 1999b 1V).

RA patients who favorably respond to MTX treatment have a risk
of a disease flare within the first year after discontinuation of MTX
treatment (Ggtzsche et al. 1996; ten Wolde et al. 1996; Sander et al.
1999). Patients with elevated serum YKL-40 at time of stopping
MTX treatment were at risk of developing a relapse, and serum
YKL-40 increased significantly one month before the relapse and at
time of the relapse. If the patients later were treated with MTX a sig-
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nificant decrease in serum YKL-40 was observed after 2 months of
MTX treatment (Johansen et al. 1996b; Hansen et al. unpublished).

The mechanisms by which DMARDs may have an effect on serum
YKL-40 are unknown, but is likely due to a reduction of activated
monocytes/macrophages and leukocytes. MTX, sulfasalazine, and
penicillamine suppress inflammatory disease activity and produce
alterations in synovial tissue morphology by a reduction in mono-
nuclear cell infiltration and endothelial cell proliferation, and de-
crease cytokines and MMPs. The active metabolite of leflunomide
inhibits dihydroorotate dehydrogenase, a critical enzyme for de
novo synthesis of pyrimidines, and regulates lymphocyte prolifer-
ation, supress IL-1, TNFa, IL-2, MMP-1, ICAM-1, VCAM-1 and
NFKB synthesis, increase TGF synthesis and inhibits adherence of
leukocytes to the vascular endothelium expressions (Walters et al.
1987; Firestein et al. 1994; Cao et al. 1996; Cronstein 1996; Dolhain
et al. 1998; Violin et al. 1999; Breedveld et al. 2000; Kraan et al.
2000). There are no in vitro studies of YKL-40 mRNA and protein
expression by inflammatory cells, synovial fibroblast like cells and
endothelial cells after treatment with these DMARDs.

Glucocorticoids are often used in combination with DMARDs for
treatment of RA patients. Low doses of prednisolone (2.5 to 7.5 mg
p.o. daily) had no effect on serum YKL-40, whereas treatment of
active RA patients with medium dose of prednisolone (30 mg p.o.
daily) resulted in significant decreases in serum YKL-40 of 15% after
one day and 33% after one month of treatment (Johansen et al. 1999
IV, 2001b). High dose of a single intra-articular glucocorticoid
injection in inflammed knee joints of RA patients was followed by a
significant decrease in serum YKL-40 already after one day and the
level remains decreased for at least 14 days (Volck et al. 2001). If the
patient later had relapse of knee joint synovitis a corresponding in-
crease in serum YKL-40 was observed. The mechanism of action of
glucocorticoids on YKL-40 expression is not known, but it is most
likely indirect through glucocorticoids many and diverse molecular
effects on the cells in the arthritic joint. Glucocorticoids inhibit leu-
kocyte, monocyte and macrophage migration to sites of inflamma-
tion, are toxic to lymphocytes and inhibit macrophage function, an-
tigen presentation, and class 11 molecules expression, suppress pro-
duction of cytokines (e.g. TNFa, IL-1B3, IL-2, IL-6), chemokines
(e.g. IL-8, RANTES, MCP-1), MMPs and TIMP-1, increase tran-
scription of anti-inflammatory genes (e.g. IL-10 and IL-1 receptor
antagonist), inhibit adhesion molecules and interferon-gamma pro-
duction, induce apoptosis, inhibit angiogenesis (Hori et al. 1996),
reduce cytokine-mediated E-selectin and ICAM-1 expression on en-
dothelial and synovial lining layer cells (Firestein et al. 1991,
Chikanza et al. 1993; Van den Brink et al. 1994; Pearson et al. 1995;
Youssef et al. 1996, 1997; Brack et al. 1997; Barnes 1998; Kirsch et al.
1999; Moreland et al. 2002; Buttgereit et al. 2004).

Recently, new treatment modalities (“Biological treatments™) for
RA patients have emerged using either TNFa-blocking agents (Ol-
sen et al. 2004) (Etanercept (Enbrel, a recombinant human TNFa
receptor fused to the Fc portion of human IgG1); Infliximab (Remi-
cade, a chimeric (75% human and 25% mouse peptide sequences)
monoclonal antibody against TNFa); and Adalimumab (D2E7, hu-
man monoclonal antibody against TNFa)), a recombinant human
IL-1 receptor antagonist (Anakinra) (Olsen et al. 2004) or an anti-
IL-6 receptor monoclonal antibody (Choy et al. 2002). These ther-
apies rapidly reduce clinical signs of synovitis, ESR and serum CRP
in RA patients and have protective effects on cartilage and bone, and
may retard or arrest radiological progression both in the early and
later course of the disease. Serum YKL-40 decreased significantly in
some RA patients treated for 2-4 weeks with infliximab or adalim-
umab, and the largest decreases were found in patients with elevated
serum YKL-40 at baseline (Charles et al. 1999; den Broeder et al.
2002; Johansen et al. 2003b). The mean percentage decreases in
serum YKL-40 were 20% after 1 month, 21% after 3 and 24% after
12 months of treatment. 60% and 64% of the patients had a de-
crease in serum YKL-40 of 220% after 1 and 12 months of anti-
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TNFa therapy (Johansen et al. 2003b). The mechanism of action of
these “Biological treatments” on YKL-40 expression is not known.
There may be both a direct effect on YKL-40 gene expression and an
indirect effect through the known effects by TNFa, IL-1 and IL-6
blocking agents on the cells in the arthritic joint (Choy et al. 2001).

Serum YKL-40 concentrations in RA patients

in relation to radiographic joint damage

The radiographic joint damage, visible as erosions and joint space
narrowing, in RA patients often begins within the first few years of
the disease. 25-40% of early RA patients (i.e. <6 months of symp-
toms) have bone erosions at presentation and more than 70% of RA
patients develop radiographic joint damage within the first 2 years
of the disease (Van der Horst-Bruinsma et al. 1998; Hulsmans et al.
2000; van der Heijde et al. 2000). Spontaneous remission of RA
without treatment is rare (5-7%) (Harrison et al. 1996b; Eberhardt
et al. 1998) and only 26% of treated RA patients with erosive disease
at diagnosis have no radiographic progression over the next 5 years
of follow-up (Fex et al. 1996). Radiographic joint damage progress
linearly over time in RA patients followed in private rheumatology
practice (Graudal et al. 1998; Wolfe et al. 1998; Hulsmans et al.
2000), but when looked at individual patients the radiographic pro-
gression rate of joint destruction is variable.

Several studies have demonstrated a relation between the presence
of synovitis and the progression of radiological joint damage in RA
patients (Scott et al. 1984, 2000; van der Heide et al. 1995; Hassell et
al. 1995; Young et al. 1997; Graudal et al. 2000b; Boers et al. 2001).
However, synovitis does not necessarily equate with joint damage. It
has been suggested that the pathophysiologic mechanisms of joint
inflammation and erosion may be partially independent. Studies
have described a dissociation between clinical synovitis, serum CRP
and ESR and radiological progression of joint destruction in RA
patients, and despite improvement in clinical measures of synovial
inflammation some patients show evidence of increased articular
destruction (van Leuwen et al. 1994; Kirwan et al. 1995, 1997, 2001,
2004; Mulherin et al. 1996a, 1996b; Hickling et al. 1998; Bukhari et
al. 2001). It has been hypothesized that the clinical signs and symp-
toms of inflammation are caused by synovial pathological processes
that are different from those that cause bone erosions, and that joint
space narrowing might behave differently from progression of bone
erosions (Kirwan et al. 1997, 2001, 2004). Clinical determination of
the number of swollen joints is not very sensitive and has a large
inter-observer variability. Clinical asymptomatic joints of patients
with early or chronic RA can show histological evidence of synovitis
(Soden et al. 1989; Pando et al. 2000) and progression of joint de-
struction can occur in RA patients in prolonged clinical remission
(Molenaar et al 2004). The newer imaging techniques, MRI and UL,
are more objective and sensitive measures of synovial inflammation
than the clinical evaluation of the number of swollen joints, and
these new techniques show more sites of inflammation than joint
counts of synovitis. Longitudinal MRI studies in early RA patients
have demonstrated that synovitis appears to precede bone edema
and subsequent erosions and that bone erosions do not occur in the
absence of synovitis (McGonagle et al. 1999).

Baeten et al. (2000) found that the number of YKL-40+ cells in
the synovial lining was higher in RA patients with radiological evi-
dence of erosions than in patients without erosions. Serum YKL-40
correlated with Larsen score, the number of bone erosions or Sharp
score, and RA patients with bone erosions had higher serum YKL-40
than patients without erosions (Garnero et al. 1999; Matsumoto et
al. 2001; Peltoma et al. 2001; den Broeder et al. 2002). However, a
single serum YKL-40 measurement in RA patients cannot predict
future radiographic progression of joint damage (Johansen et al.
1999b 1V, 2001b; Combe al. 2001; den Broeder et al. 2002). Two
longitudinal studies of 1 or 3 years of patients with early RA have
shown that the mean serum YKL-40 levels during the study periods
were related with the progression in Larsen score. Patients with per-
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sistently high serum YKL-40 had larger progression in Larsen score
and developed more bone erosions compared to patients with
normal serum YKL-40. In the same patients a persistently elevated
serum CRP was not related to progression in Larsen score during
the 1 year study (Johansen et al. 1999b, 1V), but in the 3 year study a
high serum CRP was also related to the progression in Larsen score
(Johansen et al. 2001b).

Osteoarthritis

Secondary osteoarthritis (OA) is the most prevalent disease of ar-
ticular joints and is one of the major causes of disability in the eld-
erly (Lawrance et al. 1998). OA is part of the aging process, but its
etiology is far from being fully understood. There is strong evidence
that the structural changes observed in OA cartilage with appear-
ance of fibrillations, cell clusters and changes in ECM composition
and with depletion of cartilage are due to combination of several
different factors like biomechanical forces and aberrant behavior of
resident chondrocytes (Nuki et al. 1999; Pelletier et al. 2000; Poole
2003). Cartilage degradation and loss are the major features of OA,
but the disease process also affects the synovial membrane, sub-
chondral bone, ligaments and periarticular muscles. It is unclear
which factors are responsible for the initiation of OA and which
stimuli regulate the chondrocyte proliferation into cell clusters and
the hyperactive phenotype of OA chondrocyte. Acute joint injury or
chronic exposure of cartilage to an abnormal biochemical or bio-
mechanical environment result in activation of chondrocytes. This
chondrocyte response is manifested by enhanced cell proliferation
and death, ECM degradation and new matrix synthesis, and the cells
synthesize large number of proinflammatory cytokines (e.g. IL-1p,
TNFa, IL-6, IL-8, IL-11, I1L-17), anti-inflammatory cytokines (e.g.
IL-4, 1L-10, IL-13), MMPs and their inhibitors, growth factors,
matrix molecules and nitric oxide (a catabolic factor linked with
chondrocyte apoptosis). Since chondrocytes are sequestered within
lacunae of articular cartilage, a tissue that is avascular and aneural, it
has been suggested that these cytokines act within cartilage in an
autocrine or paracrine manner. IL-1p3 and TNFa are of major im-
portance to cartilage destruction and resorption of subchondral
bone in OA. They stimulate their own synthesis and induce
chondrocytes, synovial macrophages and fibroblasts to produce
other cytokines, leukocyte inhibitory factor, proteases, prostaglan-
din E2 and MMPs (MacNaul et al. 1990; Brennan et al. 1992; Lotz et
al. 1995; Kammermann et al. 1996; Shlopov et al. 1997, 2000). In OA
patients like in RA the MMPs (particularly MMP3), TIMPs, aggre-
canase, serine- and cysteine proteinases, the plasminogen activator
and its inhibitors play a role in cartilage degradation (Woessner et
al. 1991; Freemont et al. 1997; Shlopov et al. 1997; Pelletier et al.
2001). As proteoglycans are lost and collagen is degraded, the arti-
cular cartilage swells. Although the chondrocytes make an attempt
to repair the cartilage by increasing the production of proteoglycans
at some point the damage is too great and the repair response is
overwhelmed.

An association exists between synovitis and progression of struc-
tural changes of the OA joints (Pelletier et al. 2001). The presence of
synovial inflammation is believed to be a secondary phenomenon
related to the destruction of cartilage and the release of cartilage
breakdown products into the synovial fluid. In OA synovium, the
inflammatory changes that take place include synovial hypertrophy
and hyperplasia with increased number of lining cells and a mixed
population of inflammatory cells. Some degree of synovitis is found
in early stages of OA, but in patients with later stages of OA the de-
gree of synovitis is usually mild or moderate. In severe OA the extent
of inflammation and the morphological changes in the synovial
membrane can be indistinguishable from that observed in RA pa-
tients (Haraoui et al. 1991; Farahat et al. 1993; Smith et al. 1997;
Nakamura et al. 1999).

The most established methods to assess progression of cartilage
destruction in OA patients are the measurement of joint space width
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using plain radiographs and determination of chondropathy by ar-
throscopy. MRI is more sensitive than radiography, but this method
is not yet validated for monitoring patients with OA. There are no
biomarkers available to diagnose OA at an early stage and no mark-
ers have so far gained acceptance in clinical routine for monitoring
disease activity in OA patients. There are several biomarkers asso-
ciated with cartilage degradation and synovial inflammation in OA
such as serum levels of COMP, hyaluronan, the N-terminal propep-
tide of type I1A procollagen, MMPs, TIMPs and the urinary excre-
tion of the C-terminal crosslinking telopeptide of type Il collagen
(Sharif et al. 1995; Conrozier et al. 1998; Petersson et al. 1998; Myers
1999; Garnero et al. 2000, 2001, 2002a; Pelletier et al. 2001; Poole
2002; Pavelka et al. 2004; Takahashi et al. 2004), and these markers
are currently under investigation in longitudinal studies of OA pa-
tients. None of these biomarkers are specific for OA.

YKL-40 expression in cartilage and synovial membrane

of OA patients

OA chondrocytes alter their pattern of gene expression in response
to changes in their surrounding matrix, mechanical properties of
the cartilage, various growth factors, cytokines, and inflammatory
mediators (Buckwalter et al. 1997; Rosier et al. 1998). One of the
major changes in the chondrocyte phenotype in OA involves a
switch in the types of collagen molecules they synthesize. Clusters of
chondrocytes in OA cartilage express type | and 111 collagens, which
are not normally found (or at very low level) in chondrocytes of
normal articular cartilage (Aigner et al. 1993, 1997; Young et al.
2000). It is suggested that OA chondrocytes express a more dediffer-
entiated phenotype and have a more fibroblast-like appearance than
normal chondrocytes (Benya et al. 1978, 1982; Aigner et al. 1993,
1997; Stokes et al. 2002). In vitro the YKL-40 gene expression of de-
differentiated human fetal chondrocytes was up-regulated com-
pared to differentiated chondrocytes (Stokes et al. 2002). In situ hy-
bridization and immunohistochemical studies of OA cartilage speci-
mens from the hip and knee joint showed YKL-40 mRNA and
protein expression in chondrocytes located in the superficial and
mid zone of the OA cartilage and mainly in areas of the hip joint
with a considerable mechanical load (Molck et al. 1999b, 2001; Con-
nor et al. 2000; Johansen et al. 2001c VII; Kawasaki et al. 2001).
These zones are characterized by chondrocyte clusters, fibrillations,
degenerative changes in ECM composition and matrix depletion,
and chondrocytes in these two zones express IL-13, TNFa, MMPs,
TIMP-1, and u-PAR (Walter et al. 1998; Tetlow et al. 2001; Poole
2003). Most of the apoptotic chondrocytes are also located in the su-
perficial zone (Hashimoto et al. 1997). No YKL-40 mRNA or pro-
tein expression were found in chondrocytes from normal cartilage
(Molck et al. 1999b; Connor et al. 2000). Although YKL-40 is se-
creted by chondrocytes in vitro, immunohistochemical analysis
could not detect peri- or extracellular YKL-40 protein in OA carti-
lage. The presence of YKL-40 in the ECM can not be excluded, since
YKL-40 epitopes recognized by the antibodies may be masked by in-
teraction with other matrix components in ECM or YKL-40 is
present in a too low concentration to be detected. One study found
no enhanced YKL-40 expression in OA cartilage compared to nor-
mal cartilage using cDNA array analysis and RT-PCR (Steck et al.
2002). The reason for this discrepancy with the earlier studies is un-
known.

YKL-40 expression by a subpopulation of OA chondrocytes and
always by clusters of chondrocytes in OA cartilage may be related to
a stage specific event and suggests a role for YKL-40 such as the re-
structuring of the pericellular matrix surrounding the chondrocytes
in OA cartilage. Chondrocytes purified from OA cartilage secreted
YKL-40 in vitro in the absence of fetal calf serum and YKL-40
expression in degenerative cartilage may influence the capacity of
chondrocytes to divide and survive. YKL-40 in physiological con-
centrations increased the number of chondrocytes and stimulated
proteoglycan synthesis (De Ceuninck et al. 2001a) and activated
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MAP kinase and PI3K signaling pathways in articular chondrocytes
(Recklies et al. 2002).

Immunohistochemical analysis of synovial membranes from OA
patients demonstrated that some cells in the synovial lining and
stroma had YKL-40 protein expression. Most of these cells were
macrophages (had CD68 protein expression) (Kawasaki et al. 2001;
Volck et al. 2001), but some may be fibroblast-like synovial cells.
The number of YKL-40+ cells in the synovial membrane from OA
patients was related with the degree of synovial inflammation and
the synovial fluid concentration of YKL-40. Approximately 20% of
synovial biopsies from OA patients had YKL-40+ cells, which is
lower compared to synovial biopsies from RA patients where 80%
had YKL-40+ cells (Volck et al. 2001). Immunohistochemical
studies also showed YKL-40 protein expression in mononuclear cells
in synovial membranes from patients with osteonecrosis and in
pseudocapsule specimens from failed total hip arthroplasty (Kawa-
saki et al. 2001).

Synovial fluid and serum concentrations of YKL-40 in OA patients
YKL-40 is detectable in synovial fluid from OA patients (Table 2)
(Johansen et al. 1993 I, 1996a I11; Kawasaki et al. 2001; Volck et al.
2001; Schmidt-Rohlfing et al. 2002). One study found that patients
with late stage OA of the knee joint had higher synovial fluid levels
of YKL-40 than patients with early stage OA or traumatic knee joint
disease (injured ligaments or menisci) (Johansen et al. 1996a IIl),
and lower levels compared to RA patients (Volck et al. 2001). How-
ever two recent studies could not detect any differences in synovial
fluid levels of YKL-40 between patients with OA grade 2, 3 and 4
(Kawasaki et al. 2001) or between patients with different Outer-
bridge and Noyes classification of the severity of cartilage degrad-
ation (Schmidt-Rohlfing et al. 2002). In patients with osteonecrosis
of the hip the highest synovial fluid YKL-40 level was found in stage
3 (Kawasaki et al. 2001). YKL-40 levels in synovial fluid correlated
with the MRI-determined volumes of the synovial membrane and
the joint effusion (Volck et al. 2001). The highest YKL-40 levels in
synovial fluid from OA joints were found in patients with moderate
to severe inflammation of the synovial membrane (histological
evaluation) but the level was not statistically higher compared to
synovial fluid YKL-40 levels in OA joints with no or slight synovial
inflammation (Volck et al. 2001). Patients with osteonecrosis of the
hip or failed total hip arthroplasty had higher synovial fluid concen-
trations of YKL-40 compared with OA patients (Kawasaki et al.
2001). In patients with failed total hip arthroplasty YKL-40 in the
synovial fluid can only originate from macrophages in the synovial
membrane and neutrophils in the synovial fluid, since the cartilage
tissue has been completely removed from the joint. Following auto-
logous chondrocyte implantation the synovial fluid YKL-40 level in-
creased 6 weeks after surgery and then decreased below the baseline
levels after the cartilage repair process had ceased one year after
surgery and similar results were found for the synovial fluid concen-
trations of MMP-1, MMP-3 and TIMP-1 (Schneider et al. 2003).
Synovial fluid YKL-40 in monkeys with knee OA was also higher
compared to the level in monkeys without OA (Register et al. 2001).
Approximately 10-15 fold higher YKL-40 concentrations were
found in synovial fluid compared to the corresponding serum con-
centrations in OA patients and the concentrations were correlated
(rho = 0.49-0.54) (Johansen et al. 1993 I, 1996a IlI; Volck et al.
2001). Eleven studies have evaluated serum YKL-40 in patients with
OA (Johansen et al. 1993 I; 1996a I11; Harvey et al. 1998; Maciel et al.
2000; Voss et al. 2000b; Conrozier et al. 2001; Garnero et al. 2001,
Volck et al. 2001; Abe et al. 2003; Pavelka et al. 2004; Takahashi et al.
2004), and all but two (Garnero et al. 2001; Pavelka et al. 2004)
found elevated serum YKL-40 in OA patients compared to healthy
subjects (Table 2). Patients with late stage knee OA had higher
serum YKL-40 than patients with early stage OA or traumatic joint
disease (injured ligaments or menisci) who had normal serum YKL-
40. The overlap between serum YKL-40 in patients with late stage
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OA and controls was large and only 16%-30% of OA patients had
elevated serum YKL-40 compared to controls. Patients with symp-
toms from several OA joints had highest serum YKL-40. Correlation
between serum YKL-40 and CRP levels in OA patients was found in
some (Conrozier et al. 2001; Takahashi et al. 2004) but not in all
studies (Johansen et al 1996a I11; Volck et al. 2001). Serum YKL-40
correlated with serum MMP-3 (Takahashi et al. 2004). No changes
in serum YKL-40 were found 6 and 24 hours after knee arthroscopy
of OA patients (Maciel et al. 2000). Cross sectional studies of pa-
tients with symptomatic OA showed no relations between serum
YKL-40 and the radiographic joint space surface area, mean joint
space width, minimal joint space width, interbone distance at the
narrowest point, pain, stiffness or physical function (Conrozier et al.
2001; Garnero et al. 2001; Takahashi et al. 2004).

Ankylosing spondylitis

Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic
disease and is mostly characterized by inflammation of the sacroiliac
joints, the enthesis, and the spine (Braun et al. 1998, 2000). Some
patients also have peripheral arthritis. AS has a strong association
with specific subtypes of HLA-B27 and may be a T-cell-driven dis-
ease (Sieper et al. 1995; Marti et al. 1999; Khan 2000), but its patho-
genesis remain obscure and autoantigens are not completely de-
fined. Patients with AS had YKL-40 expression in mononuclear cells
in the synovial membrane (probably CD14+CD16+ macrophages)
and in a subpopulation of PBMCs (Baeten et al. 2000). The number
of mononuclear cells with YKL-40 expression in these patients was
lower compared to RA patients. Three small studies have found ele-
vated serum YKL-40 in patients with AS with severe disease activity
and the changes in serum YKL-40 after treatment with infliximab
correlated with changes in clinical outcome measures (Bath AS dis-
ease activity index) and serum CRP (D’Amore et al. 2000; Mak-
symowych et al. 2002; Johansen et al. 2003b).

Conclusions and future perspectives

YKL-40 is expressed by a subgroup of macrophages in the in-
flammed synovial membrane from patients with RA, OA and AS,
and highest number of YKL-40+ cells are found in RA patients. The
number of YKL-40+ macrophages in the synovial membrane of RA
patients is related to the degree of synovial inflammation and joint
erosion. YKL-40 is also expressed by fibroblast-like synovial cells
from inflammed synovial membrane from RA patients. Further-
more, a subpopulation of articular chondrocytes located in the su-
perficial and middle layer of arthritic cartilage from RA and OA
patients express YKL-40 and the protein may reflect the heterogen-
eity of the OA chondrocyte phenotype. YKL-40 is found in mg levels
in synovial fluid from RA and OA patients with severe synovial in-
flammation and is probably mainly derived from macrophages and
fibroblast-like synovial cells in the inflammed synovial membrane
and from activated neutrophils in the synovial fluid. A smaller
amount of YKL-40 in the synovial fluid may originate from articular
chondrocytes. The YKL-40 concentration in synovial fluid of RA
and OA patients is related to the volume of the synovial membrane
and to the serum concentration of YKL-40, indicating that a sub-
stantial amount of YKL-40 in serum from RA and OA patients ori-
ginates from the arthritic joints.

The present studies suggest that serum YKL-40 reflects synovial
inflammation in rheumatic joint diseases independent of etiology.
Serum YKL-40 is elevated in approximately 40% of RA patients with
clinically active disease and in 13% with mild or inactive disease
compared to healthy subjects. Some but not all studies found
elevated serum YKL-40 levels in OA patients compared to healthy
subjects. Serum YKL-40 can not be regarded as a better biomarker
than ESR and serum CRP to evaluate disease activity in RA patients,
and a single measurement of serum YKL-40 can not predict the
prognosis of the patients. Since YKL-40 is produced locally by cells
in the arthritic joint, the assessment of serum YKL-40 may provide
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new and a more direct information of the local disease activity in
arthritic joints compared to ESR and serum CRP. The relationship
in RA patients between continuously elevated serum YKL-40 and
the progression in bone erosions suggests that large prospective
studies of RA patients should be performed to assess if the
combined measurement of serum CRP and YKL-40 levels (and
other biomarkers) are better to determine ongoing disease activity
and to predict joint destruction than if only serum CRP is deter-
mined. It may also be of value to evaluate changes in serum YKL-40
(in combination with other biomarkers) in RA patients during
treatment with TNFa, IL-1 and IL-6 blocking agents (“Biological
treatments™) since changes in these biomarkers may be useful to
identify after a few months of treatment the patients who will re-
spond to the treatment. The clinical value of serum YKL-40 as a po-
tential biomarker in OA and AS patients is unclear, and longitudinal
studies of these patients are necessary to assess the value of serum
YKL-40 in monitoring disease activity and progression in patients
with OA and AS.

YKL-40 is an autoantigen in RA and may play a pathogenic role in
the inflammatory process and joint destruction of RA patients. In-
creased YKL-40 synthesis in the joints of RA patients may lead to an
increased YKL-40-derived peptide presentation, which could am-
plify the local autoimmune response. It is not known if YKL-40 has
arole in the development and progression of OA and AS. YKL-40 is
a growth factor for fibroblast-like synovial cells, fibroblasts, chon-
drocytes, and endothelial cells. Locally secreted YKL-40 may have an
autocrine and/or paracrine effect on synovial macrophages, fibro-
blast-like synovial cells, endothelial cells, and chondrocytes playing
a role in their proliferation rate or protect them from undergoing
apoptosis. The protein may also stimulates angiogensis in the syn-
ovial membrane, or exhibits a role in the pericellular ECM remodel-
ing in RA, OA and AS patients.

If future studies show that YKL-40 has a function in the develop-
ment and progression of RA then inhibition of YKL-40 expression
or prevention of YKL-40 activity could offer an approach to sup-
press inflammation and prevent joint damage in RA patients. Such
interventions include induction of immunological tolerance, inhibi-
tion of YKL-40 production (e.g. siRNA), and neutralization of YKL-
40 activity (e.g. monoclonal antibodies against YKL-40 or its recep-
tor, natural YKL-40 receptor antagonists). However, the effective-
ness and toxicity of anti-YKL-40 based interventions are difficult to
predict at present.

4.3. DISEASES WITH CHRONIC INFLAMMATION

AND GRANULOMA FORMATION

Giant cell arteritis

Giant cell arteritis (GCA) is a systemic vasculitis that primarily af-
fects medium-size and large arteries and is a T-cell-dependent dis-
ease. The etiology of GCA is unknown but may be an antigen driven
disease, although the inciting antigen has not been identified. The
activation of adventitial dendritic cells is an early event in the vascu-
litides. These dendritic cells secrete chemokines, which have a crit-
ical role in attracting T-cells and macrophages into the arterial wall.
The inflammatory infiltrate in the arteries consist mainly of CD4+ T
lymphocytes and macrophages that infiltrate all layers of the arterial
wall. Plasma cells, neutrophils and B lymphocytes are sparse or ab-
sent in the inflammatory infiltrate. Granuloma formation is usually
localized in the arterial media and multinucleated giant cells accu-
mulate along the fragmented internal elastic lamina. The vasculitis
causes arterial wall destruction with aneurysm formation and risk of
rupture, proliferation of smooth muscle cells and myofibroblasts in
the arterial intima with thickening of the intima that leads to occlu-
sion of the arterial lumen and tissue ischemia. The proliferation of
the intima is induced by growth factors (e.g. VEGF and PDGF) pro-
duced by giant cells and macrophages in close vicinity of the frag-
mented elastic laminae. Macrophages in the inflammatory infiltrates
also secrete proinflammatory cytokines (e.g. IL-1B, IL-6, TGFp),
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MMPs and contribute to cellular damage through lipid peroxidation
and nitric oxide synthase 2 expression. The T cells synthesize IL-2
and interferon-y (IFNy). It is not known what causes the membrane
to fragment initially and to subsequently initiate production of
growth factors. Systemic activation of monocytes are found in GCA
and it has been suggested that GCA has two components, an inflam-
matory reaction in vessel walls and a systemic activation of mono-
cytes. In patients with polymyalgia rheumatica (PMR) the systemic
inflammation is the major manifestation of the disease, with vascu-
lar inflammation being maintained at a subclinical level (Weyand et
al. 2003a, 2003b).

It is unknown if YKL-40 is secreted by circulating monocytes
from patients with GCA or PMR, but immunohistochemical analy-
sis of temporal artery biopsies with histological signs of GCA has
shown YKL-40 protein expression in multinucleated giant cells and
mononuclear cells. YKL-40 expression was detected in a subset of
macrophages located in areas with granulomatous inflammation at
the intima-medial junction, particularly along the internal elastic
membrane (Johansen et al. 1999a V). No YKL-40 expression was
found in macrophages located in the intima and adventitia or in the
ECM. Temporal arteries from patients with PMR have no signs of
inflammation and no cells with YKL-40 protein expression. These
results indicate that YKL-40 is secreted by activated macrophages at
a special stage. A close relationship exists between the localization
and the function of macrophages, defined on their product profile,
and at least three types of macrophages can be distinguished in the
lesions of GCA patients. The localization of macrophages in the
blood vessel wall may be a predictor for the functional status of the
macrophages, and the microenvironment of the artery may be dir-
ectly involved in regulating the function of macrophages. YKL-40
expression was only found in macrophages and giant cells located in
the media and intima-medial junction of the inflammed arteries.
These cells have a unique product profile in that they produce
MMPs, growth factors, and angiogenic factors, but not IL-1(3, IL-6
and TGFp which are produced by the macrophages homing to the
adventitia (Weyand et al. 1999). Macrophages in the media and in-
tima-medial junction are assumed to play a role in the fragmenta-
tion and destruction of the media layer and of the elastic tissue and
in mediating the arterial injury response. The function of YKL-40 in
GCA is unknown, but YKL-40 is an adhesion and migration factor
for vascular smooth muscle cells (Nishikawa et al. 2003) suggesting
that YKL-40 could have a role in the processes which lead to pro-
gression of occlusive vascular diseases like GCA.

The vascular inflammation in GCA is associated with an intense
acute-phase response. High ESR is one of five components of the
American College of Rheumatology 1990 criteria for the classifica-
tion of GCA (Hunder et al. 1990), and ESR and serum CRP levels
are used as biomarkers of disease activity in patients with GCA and
PMR. However, some GCA patients have normal ESR levels at time
of diagnosis and ESR provides limited information about disease re-
activation in patients on a tapering regimen of prednisolone. There
has been a search for new biomarkers of disease activity in patients
with GCA and PMR, and at time of diagnosis patients with GCA
more often had elevated plasma IL-6 than elevated ESR. Further-
more, fewer disease relapses were missed using plasma IL-6 com-
pared to ESR, and plasma IL-6 showed prompt responsiveness to
corticosteroid therapy (Weyand et al. 2000b, 2003a).

At time of diagnosis 53% of patients with GCA and 38% with
PMR had elevated serum YKL-40 compared to healthy subjects
(Johansen et al. 1999a V). Serum YKL-40 was significantly elevated
in patients with GCA but not in PMR patients compared to controls
(Table 1). During treatment of GCA patients with high doses of
prednisolone serum YKL-40 decreased significantly, and after one
month of treatment serum YKL-40 was normal in most GCA pa-
tients. No changes in serum YKL-40 were found in PMR patients
during prednisolone treatment. 56% of the GCA patients with signs
of disease relapse had corresponding elevations in serum YKL-40
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(Johansen et al. 1999a V). At time of diagnosis of GCA or PMR
serum YKL-40 levels correlated with ESR and serum CRP but not
during prednisolone treatment. Corticosteroids are effective in sup-
pressing clinical manifestations of GCA, but do not shorten the
course of the disease or eradicate vasculitis, and only transiently
down-regulate proinflammatory cytokines and have marginal ef-
fects on IFNy (Achkar et al. 1994; Brack et al. 1997). The ability of
corticosteroids to prevent blindness may result from a reduction in
vascular-wall edema or the disruption of the triggering of dendritic
cells in the arterial adventitia (Weyand et al. 2003b). Glucocorticoids
may not have a direct effect on YKL-40 expression since some pa-
tients with GCA and PMR treated with high doses of prednisolone
had unchanged serum YKL-40 despite decreases in ESR and serum
CRP. The study suggests that serum YKL-40 is not a useful bio-
marker of disease activity in patients with PMR. Large prospective
studies of patients with GCA are needed to determine if serum YKL-
40 can be used as a biomarker of disease activity in GCA patients
and if serum YKL-40 provides useful clinical information different
from that of ESR, serum CRP and IL-6.

Inflammatory bowel disease

Inflammatory bowel disease (IBD) comprises of two forms of
chronic intestinal inflammation, ulcerative colitis (UC) and Crohn’s
disease (CD). The etiology of IBD is unknown. It may be an autoim-
mune disease and mucosal immune activation is likely to play a cru-
cial role in the pathogenesis of IBD (Sartor et al. 2004). Intestinal
inflammation in IBD include a mononuclear cell and neutrophil
infiltrate and mucosal ulceration with remodeling of the ECM. In
both acute and chronic inflamed intestines, healing of the damaged
intestinal wall requires reconstruction of the tissue framework and
remodeling of ECM, and fibrosis is a honspecific response to the
chronic inflammation observed in UC and CD patients. The local-
ization and intensity of the inflammatory cell infiltrates may be the
reason for the different clinical outcomes between UC and CD.
Chronic inflammation of the intestinal submucosa is characteristic
of UC and an increased collagen deposition and development of
fibrotic changes are largely confined to the superficial layers of the
inflamed UC intestine. Whereas the inflammatory infiltrate is trans-
mural in CD resulting in an increased transmural collagen de-
position and often followed by transmural fibrosis with luminal
narrowing and stricture formation (Harper et al. 1987; Matthes et
al. 1992; Lawrance et al. 1999, 2001). Relapses are frequent in CD,
occurring in 50% of unselected cohorts of patients per year after
diagnosis (Munkholm et al. 1995). Approximately 70% of CD pa-
tients will eventually require surgery due to strictures (Sacher et al.
1990). At present it is not possible to predict relapses and ongoing
fibrogenesis in IBD patients.

Neutrophils and macrophages in the inflammed intestine from
patients with UC and CD had YKL-40 protein expression (Vind et
al., personal communication). YKL-40 or its peptide derivatives may
be a target of the T-cell-mediated immune response in IBD and
could play a role in the pathogenesis of IBD. Vos et al. (2000a) found
proliferative responses of PBMC from IBD patients against YKL-40
peptides (259-271 and 263-275, which were predicted to bind to
DRB1*0401 with the aid of a DRB1*0401 peptide-binding motif)
suggesting that YKL-40 may be an autoantigen in IBD patients and
that the immune response to YKL-40 could play a role in sustaining
chronic inflammation. However, no correlation was found between
the disease activity score in IBD patients and the T-cell responses
against the YKL-40 peptides.

Vos et al (2000b) also reported in a small study of IBD patients
that some had elevated plasma YKL-40 compared to healthy con-
trols. This has been confirmed in three larger studies of IBD patients
(Koutroubakis et al. 2003; Punzi et al. 2003; Vind et al. 2003) (Table
1). 29% of patients with active UC had elevated serum YKL-40 com-
pared to controls and their median serum YKL-40 was higher com-
pared to the level in inactive UC patients and controls. 38% of pa-
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tients with active CD had elevated serum YKL-40 compared to con-
trols and significantly higher median serum YKL-40 compared to
controls but not to inactive CD patients. Significant correlations
were found between serum YKL-40 and CRP levels and Simple Clin-
ical Colitis Activity Index in UC patients whereas low correlations
were seen in CD patients between serum YKL-40, CRP and Harvey-
Bradshaw score (Vind et al. 2003). In another study serum YKL-40
was elevated in active CD patients compared to inactive CD patients
using the Crohn’s Disease Activity Index and significant correlations
were found between serum YKL-40, CRP and this disease activity
score (Koutroubakis et al. 2003). IBD patients with joint involve-
ment had higher serum YKL-40 than patients without joint involve-
ment (Punzi et al. 2003), and serum YKL-40 was suggested as a pos-
sible biomarker of arthropathy.

The subgroup of IBD patients with elevated serum YKL-40 may
not only have intestinal inflammation or arthropathy. CD patients
with stenotic disease had higher serum YKL-40 than patients with
non-stenotic disease (Koutroubakis et al. 2003), and serum YKL-40
in IBD patients may reflect ongoing fibrogenesis, since YKL-40 is a
growth factor for fibroblasts (Recklies et al. 2002). Large prospective
studies of patients with IBD are needed to evaluate if serum YKL-40
is a useful biomarker in CD patients for determining the risk of de-
veloping stricture formation.

Sarcoidosis
Sarcoidosis is a multisystem granulomatous disorder of unknown
etiology characterized by the formation of noncaseating granuloma
(Newman et al. 1997). Disease activity is accompanied by chronic
inflammation with mononuclear cell infiltrates and granuloma for-
mation. Even in the early stages of granuloma formation, a fibrotic
response can be observed, and in some patients the fibrotic response
results in substantial and irreversible organ destruction and physio-
logic dysfunction. Although essentially all organs of the body may
be affected by sarcoidosis, the lungs are most commonly involved
(Milman et al. 1990a), and some patients with chronic active pul-
monary sarcoidosis succumb to respiratory failure (Milman et al.
1990b). The natural course of sarcoidosis is unpredictable in the
individual patient. Many attempts have therefore been made to find
biomarkers of disease activity in pulmonary sarcoidosis, which
could help identify patients at risk of irreversible lung fibrosis. An-
giotensin-converting enzyme (ACE) is produced by mononuclear
cells and macrophages in the sarcoid granulomas (Allen et al. 1986)
and determination of ACE concentrations in serum is used rou-
tinely to monitor disease activity of patients with sarcoidosis (Liber-
man et al. 1983; Allen 1991). However, serum ACE reflects the total
granuloma mass and is not useful as a prognostic biomarker of se-
vere irreversible organ dysfunction (Allen 1991).
Immunohistochemical analysis of lung biopsies from patients
with pulmonary sarcoidosis has demonstrated that giant cells and
mononuclear cells in the sarcoid lesions had YKL-40 protein expres-
sion. In a small pilot study of patients with pulmonary sarcoidosis
serum YKL-40 was elevated in 63% of the patients compared to con-
trols (Table 1), and serum YKL-40 and ACE were correlated. Pa-
tients with high serum YKL-40 had significantly lower lung diffu-
sion capacity compared to patients with normal or slightly elevated
serum YKL-40, whereas serum ACE could not discriminate between
patients with low or high lung diffusion capacity (Johansen et al.
2005b). This study suggests that it needs to be evaluated in a large
prospective study of patients with sarcoidosis whether the serum
YKL-40 level in combination with lung function tests and other bio-
markers of disease activity could be useful to monitor in order to
identify at an early stage patients with sarcoidosis at high risk of ir-
reversible lung fibrosis. It is unknown if YKL-40 is involved in the
pathogenesis of sarcoidosis.

Systemic sclerosis
Systemic sclerosis (SSc) is an autoimmune disease characterized by
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initial inflammation followed by fibrotic changes of the skin, blood
vessels and several organs. The pathogenesis of SSc is unclear, but
various growth factors are involved in the fibrotic processes (Take-
hara 2003). The earliest cellular changes in affected lungs from pa-
tients with SSc are lymphocyte and plasma cell infiltration of the
alveolar walls and increased numbers of macrophages in the alveolar
spaces (Harrison et al. 1991). BAL studies of patients with SSc show
that inflammatory alveolitis is usually characterized by an increase
in alveolar macrophages and neutrophils (Silver et al. 1984; Owens
et al. 1986). BAL fluid neutrophilia in patients with fibrosing alveo-
litis is indicative of disease progression and deterioration of lung
function with fibrosing alveolitis (Wells et al. 1994; Witt et al. 1999).
Interstitial fibrosis, vascular lesions including fibrous thickening of
the intima, media hypertrophy, and perivascular fibrosis are found
in SSc lungs and lead to a restrictive lung function pattern and im-
pairment of the diffusing capacity (Weaver et al. 1968; Harrison et
al. 1991).

Immunohistochemical analysis of a lung biopsy from a SSc pa-
tient with lung fibrosis showed YKL-40 protein expression in mono-
nuclear cells in areas with inflammation but not in fibroblasts or in
the ECM (Nordenbzk et al. 2005). Serum YKL-40 was elevated in
27%-35% of patients with SSc compared to controls (Table 1).
Serum YKL-40 correlated with serum levels of soluble IL-2 receptor
o and the procollagens PIIINP and PINP. Serum YKL-40 was signif-
icantly elevated in patient with arthritis, pulmonary fibrosis by chest
X-ray, obstructive ventilatory pattern, reduced lung diffusing capac-
ity and with skin retraction compared to patients without these
findings. Furthermore SSc patients with elevated serum YKL-40 had
shorter survival and died more often due to extensive interstitial or
vascular fibrosing processes (e.g. pulmonary fibrosis, SSc renal cri-
sis) than patients with normal serum YKL-40 (Montagna et al. 2003;
Nordenbak et al. 2005). It is unknown if YKL-40 plays a role in the
pathogenesis of pulmonary fibrosis in patients with SSc. YKL-40 is a
growth factor of fibroblasts (Recklies et al. 2002) and it is possible
that YKL-40 takes part in the ECM remodelling process and devel-
opment of fibrosis in patients with SSc. Large prospective studies of
patients with SSc are needed to determine if patients with high se-
rum YKL-40 have a poor prognosis and are at risk of developing se-
vere organ fibrosis.

Heart transplantation

Cellular rejection is a major problem for heart, lung and kidney
transplant patients. Biopsies are used for detecting transplant rejec-
tion, however the procedures are associated with morbidity and
mortality. Noninvasive methods to determine transplant rejection
are needed. A small pilot study of 25 heart transplant recipients
found that serum YKL-40 was significantly higher in these patients
compared to controls and related with the number of years since
transplantation and of moderate- to high-grade rejection episodes
(Fiore et al. 2000). Studies are needed to evaluate if macrophages in
areas of transplant rejection express YKL-40 and if serum YKL-40
can be a biomarker in the follow-up of patients with organ trans-
plants.

Conclusions and future perspectives

YKL-40 is produced by macrophages, giant cells and neutrophils in
areas with inflammation in affected tissues from patients with
diseases characterized by chronic inflammation and development of
fibrosis as illustrated in patients with GCA, IBD, sarcoidosis and
SSc. It has to be evaluated if YKL-40 is involved in the pathogenesis
of these diseases. Serum YKL-40 is not useful as a biomarker for
diagnosis of GCA, IBD, sarcoidosis and SSc, but the studies indicate
that serum YKL-40 may be a valuable biomarker for monitoring
disease activity in these patients. Relationships are found between
serum YKL-40 and CRP and clinical parameters of disease activity
in patients with chronic inflammation, but serum YKL-40 reflects
other aspects of the inflammatory response than serum CRP does.
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YKL-40 is produced locally in tissue with inflammation, unlike CRP
production by hepatocytes in the liver. Serum YKL-40 and CRP
levels may complement each other in the determination of disease
activity in patients with chronic inflammation. YKL-40 stimulates
growth of fibroblasts in vitro but the exact biological functions of
YKL-40 in diseases with chronic inflammation, granuloma forma-
tions and development of fibrosis are unknown. Elevated serum
YKL-40 in patients with IBD, sarcoidosis and SSc may reflect on-
going fibrogenesis that may lead, after a variable time, to clinical
manifestations of severe organ fibrosis, like symptoms of fibrosteno-
sis in the intestine of patients with CD and affected lung function in
patients with sarcoidosis. Prospective longitudinal studies of
changes in serum YKL-40 in these patients are needed to evaluate if
serum YKL-40 can be used as a biomarker of ongoing fibrosis and to
predict disease relapse.

4.4. LIVER FIBROSIS

Liver fibrogenesis represents the wound healing response of the liver
and is a dynamic process with phases of either net matrix deposition
or net matrix degradation leading respectively to progression or
regression of liver fibrosis. The process leading to liver fibrosis
includes three phases following liver tissue injury: acute inflam-
mation, synthesis of collagenous and non-collagenous ECM com-
ponents, and tissue remodeling (Bedossa et al. 2003). The ECM
components of the fibrotic matrix are similar to those present in the
normal liver, but in the fibrotic liver all ECM components are in-
creased in quantity. ECM of the normal liver constitutes approxi-
mately 0.5% of the liver wet weight whereas the cirrhotic liver con-
tains approximately six times more ECM than the normal liver. In
normal liver the interstitial ECM is found in the portal area, around
the central veins and in the liver capsule. The subendothelial space
of Disse separates the hepatocytes from the sinusoidal endothelium
and contains both an interstitial and a basement membrane-like
ECM of low density. In the fibrotic liver collagenous components,
particularly collagen types | and I11, increase up to tenfold predom-
inantly in the periportal and perisinusoidal space, and the perisinu-
soidal low-density ECM is transformed to a high-density ECM. The
3 cell types delimiting the space of Disse, hepatocytes, hepatic stel-
late cells (HSC, also known as Ito cells, lipocytes or fat-storing cells)
and endothelial cells, all express ECM components. HSCs play a car-
dinal role in the pathogenesis of liver fibrosis and are the major pro-
ducers of the fibrotic neomatrix and control ECM turnover (Fried-
man 1993, 1999; Li et al. 1999; Schuppan et al. 2001; Bedossa et al.
2003). HSCs are thought to be derived from mesenchymal cells. In
the normal liver quiescent HSCs represent 5-8% of the total number
of liver cells and are the major storage sites of vitamin A and are im-
portant sources of paracrine, autocrine, juxtacrine and chemo-
attractant factors that maintain homeostasis in the micro-environ-
ment of the hepatic sinusoid (Geerts 2001).

Following chronic liver injury (e.g. viral hepatitis infection, al-
coholic or drug toxicity or any other factor that cause damage to
hepatocytes) an inflammatory reaction in the liver is elicited. The
damaged hepatocytes, their membrane components, metabolites of
toxic agents, and infiltrating inflammatory cells activate the Kupffer
cells, which release cytokines and growth factors (e.g. TGF3, PDGF,
TNFa) and reactive oxygen species. These factors (particularly
TGFp) stimulate HSCs, which then proliferate, differentiate, and
undergo a major phenotypic transformation to a highly proliferative
“myofibroblast-like” phenotype. Platelets and infiltrating leukocytes
are also sources of cytokines that participate in HSC activation. The
activated HSCs secrete a large amount of ECM components (e.g.
type 111 collagen, structural glycoproteins, proteoglycans, hyaluro-
nan), MMPs, TIMPs, and growth factors (e.g. VEGF, IGF-1, TGFj,
hepatocyte-, epidermal-, acidic fibroblast-, connective tissue- and
hematopoietic growth factors) (Olaso et al. 1998; Maher et al. 1999;
Friedman et al. 2000; Pinzani et al. 2000; Oh et al. 2001). An in-
crease in the production of TIMPs occurs in the early stages after
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liver injury and persists throughout the time course of development
of liver fibrosis. Due to relatively less MMPs production and an
increased synthesis of TIMPs the overall net consequence leads to an
enhanced deposition of ECM (Benyon et al. 2001; Schuppan et al.
2001). If the source of liver injury is removed a single liver tissue in-
jury most often results in an almost complete resolution. During the
recovery phase there is an increased MMP activity in the liver, a de-
crease in the expression of TIMPs, and increased apoptosis of acti-
vated HSCs. Regression of liver fibrosis is therefore characterized by
degradation of fibrillar liver matrix and restoration of normal liver
histology (Iredale et al. 1998; Iredale et al. 2001). Conversely, the
persistence of the original liver toxic agent causes the prolonged ac-
tivation of the tissue repair mechanisms, thus leading to liver fibro-
sis rather than to effective liver repair.

A liver biopsy is the key examination for the diagnosis and staging
of liver fibrosis. However, the use of a liver biopsy can not be used as
a general screening procedure for liver fibrosis or used repeatedly to
monitor disease progression during the follow-up of patients with
liver fibrosis. A liver biopsy has some discomfort for the patient, it
requires hospitalization, and there is a risk of complications with a
mortality of 0.015% (Piccinino et al. 1986). There is also a sampling
error of approximately 24% false-negative (Nord 1982) and the liver
biopsy does not reflect the dynamic of fibrous tissue turnover. Non-
invasive methods to determine liver fibrosis are therefore needed
both to diagnose significant liver fibrosis and to monitor effects of
therapy on fibrogenesis and fibrolysis. Consequently there has for
many years been a search for biomarkers of liver fibrosis. Several
such markers have been proposed (e.g. hyaluronan, PITINP, MMP-2,
MMP-9 and TIMP-1) (Bentsen 1992; Oh et al. 2001), but none are
yet used routinely in the clinical practice. However, it has been for-
ested that a panel of biomarkers of liver fibrosis in the future will
replace sequential liver biopsy as a standard care and that serum
YKL-40 may be one of these markers (Oh et al. 2001).

YKL-40 expression in the liver

In 1993 Hakala et al. reported that YKL-40 mRNA was strongly
expressed in human liver tissue, but it could not be determined
whether the mRNA used in the experiments originated from normal
or fibrotic liver tissue. Hu et al. (1996) was unable to demonstrate
YKL-40 mRNA expression in normal liver tissue. Immunohisto-
chemical analysis of liver biopsies from patients with different liver
diseases have shown YKL-40 protein expression in areas with slight
fibrosis (either pericellular or perisinusoidal), along fibrotic septa in
association with signs of fibrogenesis, and in areas with moderate
and severe fibrosis (Johansen et al. 1997, 2000a V1). Hepatocytes did
not express YKL-40 protein and no expression was found in normal
liver tissue except in mesenchymal structures of the portal tract.
Patients with chronic active HCV had YKL-40 protein expression in
areas with piecemeal necrosis but not in the lymphocytes. YKL-40
protein expression was found in 90% of liver biopsies with moderate
or severe fibrosis, in 86% with slight fibrosis, and in 93% with fibro-
genesis. YKL-40 expression was found in ECM both in areas free of
cells as well as in cellular areas (Johansen et al. 2000a V). It was not
possible by the immunohistochemical method to discriminate the
extent to which the YKL-40 protein expression was intracellular, and
if HSCs, leukocytes and macrophages expressed YKL-40. These 3
cell types are probably responsible for YKL-40 synthesis in the
fibrotic liver, and ongoing in vitro studies demonstrate that HSCs
express YKL-40 mRNA (Eva Efsen, unpublished). YKL-40 is a
growth factor for fibroblasts, works synergistically with 1GF-1
(Recklies et al. 2002), and YKL-40 may play a role in the pathologi-
cal conditions leading to liver fibrosis. Recently Shackel et al. (2003)
showed using suppression subtractive hybridization and quantita-
tive real-time RT-PCR that YKL-40 was one of the most differen-
tially expressed genes in liver tissue from endstage cirrhosis due to
HCV compared to non-diseased liver tissue, primary biliary cirrho-
sis and autoimmune hepatitis associated cirrhosis.
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Serum concentrations of YKL-40 in patients with liver disease
in relation to liver fibrosis, disease activity and prognosis
Haemodynamic investigations with catherization of the liver vein
and femoral vein have shown that YKL-40 was released from the
hepatosplanchnic area (Johansen et al. 1997). The serum concentra-
tion of YKL-40 in the hepatic vein was significantly higher than in
the femoral artery both in patients with liver diseases and in subjects
with normal liver function. Furthermore, the hepatic venous-ar-
terial difference in serum YKL-40 concentration and the release rate
of YKL-40 from the hepatosplanchnic area were higher in patients
with liver disease compared to subjects with normal liver function.
Six studies have evaluated the serum concentrations of YKL-40 in
patients with liver diseases. All found elevated serum YKL-40 in pa-
tients with liver fibrosis (defined from a liver biopsy) compared to
healthy controls (Johansen et al. 1997, 2000a VI; Nunes et al. 1998;
Tran et al. 2000; Ngjgaard et al. 2003a, 2003b). The highest serum
YKL-40 levels were found in patients with alcoholic cirrhosis and in
patients with cirrhosis caused by chronic hepatitis C or B virus
(Table 1), indicating that elevations in serum YKL-40 in patients
with liver fibrosis are independent of disease etiology. Figure 3 illus-
trates the individual serum YKL-40 levels in patients with different
liver diseases according to the degree of liver fibrosis. Highest serum
YKL-40 were measured in patients with moderate and severe liver
fibrosis (Johansen et al. 2000a VI). Ngjgaard et al. (2003a) demon-
strated in a large group of patients with alcoholic liver disease that
serum YKL-40 was useful to discriminate between the absence and
presence of fibrosis but could not discriminate between the different
degrees of liver fibrosis. 75% of the alcoholics with moderate or
severe fibrosis had elevated serum YKL-40 compared to healthy con-
trols whereas only 26% of the alcoholics without liver fibrosis had
elevated serum YKL-40. Serum PITINP was found useful to discrim-
inate between the different degree of liver fibrosis. Serum YKL-40
was also increased in the presence of liver inflammation (Tran et al.
2000), and patients with liver fibrosis in combination with alcoholic
hepatitis had higher serum YKL-40 compared to patients with fibro-
sis but without alcoholic hepatitis (Johansen et al. 2000a VI; Ngj-
gaard et al. 2003a). This suggests that some of the circulating YKL-
40 in patients with alcoholic liver disease originate from activated
neutrophils, which play a role in the pathophysiology of alcoholic
hepatitis. The morphological features in alcoholic hepatitis include
liver-cell damage, inflammatory cell infiltrate of predominantly
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Figure 3. Individual serum YKL-40 concentrations in patients with dif-
ferent degree of liver fibrosis (Johansen et al. 2000a VI). 1 = no fibrosis,
2 = slight fibrosis, 3 = moderate fibrosis, 4 = severe fibrosis. The serum
YKL-40 levels were determined by RIA (Johansen et al. 1993 I) but the data
was corrected to ELISA values (YKL-40 ELISA=YKL-40 RIA X 0.479). The up-
per 95t percent limit of serum YKL-40 in 245 healthy adults is 124 pg/l.
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neutrophils, and fibrosis (Poulsen et al. 1979; Baptista et al. 1988).
Neutrophilia is frequent and the neutrophils are activated in al-
coholic hepatitis and produce proinflammatory cytokines, chemo-
kines and reactive oxygen species (Taieb et al. 2000). The role of
YKL-40 secreted from the activated neutrophils in areas with al-
coholic hepatitis is unknown, but it may participate in maintaining
the liver inflammation, activate the HSCs and stimulate ECM pro-
duction.

Serum concentrations of YKL-40 in patients with liver diseases
correlated with other ECM products secreted by HSCs (serum PlI-
INP, hyaluronan, MMP-2 and TIMP-1). Low correlations were
found between serum YKL-40 and enzymes secreted by hepatocytes
(serum aspartate aminotransferase and alkaline phosphatase) and
inverse correlations were found with serum albumin and the coagu-
lation factors 2,7 and 10 (Johansen et al. 1997, 2000a VI; Tran et al.
2000; Ngjgaard et al. 2003a, 2003b). Serum YKL-40 correlated with
other parameters reflecting the degree of liver fibrosis, such as he-
patic venous pressure gradient and the postsinusoidal resistance and
inversely with the clearance of indocyanine green (Johansen et al.
1997).

Nunes et al. (1998) found that serum YKL-40 decreased in pa-
tients with chronic HCV who responded to interferon treatment
and Ngjgaard et al. (2003b) found that patients with chronic HCV
treated for 12 months with alpha-interferon and ribavirin had a de-
crease in serum YKL-40 at 6 months after the end of treatment. In
the patients who responded to treatment, serum YKL-40 was not re-
lated to changes in HCV titer or the liver enzymes during 12 months
of treatment. The serum YKL-40 level before therapy could not pre-
dict whether a patient would respond to treatment, but the non-re-
sponders had unchanged high serum YKL-40 during the 12 months
treatment period and at 6 months after therapy.

Ngjgaard et al. (2003a) reported that patients with alcohol
induced liver disease and high serum YKL-40 had shorter survival
than alcoholics with normal serum YKL-40 (Relative risk = 4.24,
95% confidence interval 2.18-8.26, p<0.0001). Multivariate Cox
regression analysis including serum YKL-40 and variables known to
have prognostic information of survival in alcoholics (i.e. years of
high alcohol intake, serum creatinine, coagulation factors 2,7, and
10, alkaline phosphatase and IgM) showed that serum YKL-40 had
no independent prognostic value.

Conclusions and future perspectives

Increased YKL-40 mRNA and protein expressions are found in
fibrotic liver tissue from patients with alcoholic liver disease and
chronic HCV infection. Serum concentrations of YKL-40 are ele-
vated in most patients with moderate to severe liver fibrosis and cir-
rhosis, independently of disease etiology, and may provide new
information of ongoing fibrogenesis in the liver. Patients with al-
coholic liver disease and high serum YKL-40 have a poorer progno-
sis compared to patients with normal serum YKL-40. Large pro-
spective studies of patients with liver diseases are needed to deter-
mine if patients with slight liver fibrosis and high serum YKL-40 are
at risk of developing cirrhosis, and if serum YKL-40 in combination
with other biomarkers of liver fibrosis (e.g. serum hyaluronan and
PIIINP) can predict the severity of liver fibrosis and be used in mon-
itoring patients with liver fibrosis or cirrhosis. Serum YKL-40 may
also be useful to monitor in patients with liver diseases during anti-
fibrotic or anti-viral therapy. The biological function of YKL-40 in
liver diseases is not known and it needs to be determined if YKL-40
has a role in the pathogenesis of liver cirrhosis. As has been found
for fibroblasts YKL-40 may be a growth factor for HSCs and could
stimulate their production of collagen. Reducing the ECM produc-
tion by activated HSCs is crucial in preventing liver fibrosis. If YKL-
40 has a role in development of liver fibrosis then inhibition of YKL-
40 production or blocking of YKL-40 activity in patients with
alcoholic liver disease or hepatitis C or B virus may be a valuable
method to inhibit the development of liver fibrosis.
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5. YKL-40 IN CANCER DISEASES

In a search of new bone proteins it was discovered more than 10
years ago that YKL-40 was secreted in vitro in large amount by a
human osteosarcoma cell line MG63 (Johansen et al. 1992). Two
years later Morrison et al. (1994) reported that YKL-40 mRNA was
expressed by murine mammary tumors initiated by neu/ras onco-
genes but not by c-myc or int-2 oncogenes. Although MG63 cells
originate from an osteosarcoma, these cells also have chondrocyte
characteristics, since their metastases mainly consist of proliferating
nodules of hypercellular cartilage (Heremans et al. 1978). Further-
more, unstimulated MG63 cells synthesize larger amount of type Il
collagen than of type | collagen and secrete low to undetectable
levels of alkaline phosphatase and osteocalcin (Franceschi et al.
1988). Today it is known that many different types of human solid
cancer express YKL-40. A search of the YKL-40 sequence against the
dbest database at the National Center for Biotechnology Informa-
tion showed that several types of solid cancer (breast-, colon-, lung-,
kidney-, pancreas-, ovarian-, prostate-, and uterine carcinoma,
osteosarcoma, oligodendroglioma, glioblastoma and germ cell tu-
mors) overexpressed YKL-40. Microarray gene analyses have identi-
fied the YKL-40 gene to be one of the most highly over-expressed
genes in high-grade malignant gliomas (Lal et al. 1999; Markert et
al. 2001; Tanwar et al. 2002), in papillary thyroid carcinoma (Huang
et al. 2001), and in extracellular myxoid chondrosarcoma (Sjogren
et al. 2003). YKL-40 is not expressed by myxoid liposarcomas (Sjo-
gren et al. 2003). Shostak et al. (2003) used public databases of the
Cancer Genome Anatomy Project and found enhanced expression
of the YKL-40 gene in glioblastoma multiforme and occasionally in
anaplastic astrocytomas compared to normal brain. The upregula-
tion of YKL-40 in glioblastoma multiforma is also confirmed on the
protein level by Western blotting where 65% of the investigated glio-
blastoma multiforma samples had stronger YKL-40 protein expres-
sion than low-grade gliomas (Tanwar et al. 2002). YKL-40 is also se-
creted in vitro by human glioblastoma cells (Junker et al. 2005b) and
by the monocyte-like human histiocytic lymphoma cell line U937
(Verhoeckx et al. 2004).

The biological function of YKL-40 in cancer diseases is unknown.
It has been hypothesized that YKL-40 is a growth factor of cancer
cells or protects them from undergoing apoptosis. YKL-40 is also
called the “breast regression protein (Brp-39)” (Morrison et al.
1994) because it is induced in mice mammary epithelial cells a few
days after weaning. Mammary involution involves programmed cell
death, and it has been hypothesized that YKL-40 utilizes a chitin
oligosaccharide binding ability while participating in various signal
transduction pathways leading to apoptosis of regressing cells, and
that YKL-40 is a protective signaling factor determining which cells
are to survive the drastic tissue remodeling that occurs during in-
volution (Mohanty et al. 2003). Cancer cells that express YKL-40
may have a different phenotype compared to cancer cells without
YKL-40 expression, and the protein may reflect differences in the
biology of various cancer cells. Neoplasms are biologically hetero-
geneous and contain subpopulations of cancer cells with different
angiogenic, invasive and metastatic properties. Metastases can have
a clonal origin, and different metastases can originate from the pro-
liferation of different single cells. The process of metastases is select-
ive for cells that succeed in promoting angiogenesis, invasion, em-
bolisation, survival in the circulation, arrest in distant capillary beds
and extravasation into and multiplication within the organ par-
enchyma. It need to be determined if YKL-40 has a role in one of
these processes.

Cancer progression depends on the interplay between the cancer
cells and their micro-environment, particularly the surrounding
ECM, and the balance between synthesis and degradation of ECM
components is a key modulator of cancer growth and metastasis
(Boudreau et al. 1998). The stroma around the periphery of solid
cancers have several similarities with granulation tissue such as that
found in wound-healing or inflammation (Dvorak 1986; Gregoire et
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al. 1995), and tumors are called “wounds that never heal” (Balkwill
et al. 2001). Recent studies have shown that tumor-associated
macrophages and leukocytes play important roles in tumor growth
and metastasis, since these cells produce growth and angiogenic fac-
tors, chemokines, chemotactic factors, MMPs and other ECM de-
grading enzymes (Sunderkdtter et al. 1994; Lin et al. 2001, 2004ab;
Bingle et al. 2002; Pollard 2004). Ongoing immunohistochemical
analysis of YKL-40 expression in biopsies from breast cancer (Anne
Roslind; manuscript in preparation) and colorectal cancer (personal
observation) show that cancer cells in some biopsies have YKL-40
protein expression. Furthermore macrophages and neutrophils in
the stroma surrounding the breast and colorectal cancer cells have
YKL-40 protein expression. In situ hybridization of YKL-40 mRNA
expression in biopsies from small cell lung cancer shows no YKL-40
mRNA expression in the cancer cells but strong expression in peri-
tumoral macrophages (Junker et al. 2005a). It is unknown if these
macrophages are CD14+,CD16+, a phenotype that express YKL-40
in RA patients (Baeten et al. 2000) and is increased in number in pa-
tients with solid cancers (Saleh et al. 1995).

YKL-40 purified from the MG63 osteosarcoma cell line has
growth factor activity for fibroblast cell lines (Recklies et al. 2002).
One could speculate that YKL-40 secreted by cancer cells and tu-
mor-associated macrophages and neutrophils has a role in prolifer-
ation, activation and differentiation of the fibroblasts/myofibro-
blasts surrounding the tumor, and thereby influence development of
the prominent desmoplastic fibroblast stroma seen in both primary
cancer and metastatic sites. The phenomenon, termed stromal reac-
tion, includes activation of fibroblast or myofibroblastic transfor-
mation, enhanced secretion of matrix proteins and MMPs, and neo-
vascularization all of which promote proliferation, differentiation,
invasion or regression of cancer cells and destruction of the stroma
(Dvorak 1986; Basset et al. 1990; Gregoire et al. 1995; Rgnnov-Jes-
sen et al. 1996; Bissell et al. 2001; Kenny et al. 2003).

YKL-40 also stimulates migration of endothelial cells at a level
comparable to that achieved by bFGF (Malinda et al. 1999) and
modulates vascular endothelial cell morphology by promoting the
formation of branching tubules. YKL-40 may therefore be a positive
regulator of angiogenesis surrounding the tumor and could play a
role in the growth of primary and metastatic tumors. Junker et al.
(2005b) found upregulated YKL-40 expression in a human glioblas-
toma cell line by genotoxic and micro-environmental stress (i.e.
exposure to hypoxia, ionizing radiation, etoposide, ceramide, p53
inhibition, antioxidant treatment, confluence, and serum deple-
tion). The response in YKL-40 expression was late, 24-72 hours after
stimuli, indicating that YKL-40 is a secondary response downstream
of other mechanisms.

One can therefore speculate that YKL-40 is involved in prolifer-
ation of cancer cells, the surrounding tissue remodeling processes
and angiogenesis, and that serum concentrations of YKL-40 may be
a novel “Tumor marker”. The term “Tumor marker” embraces a
spectrum of molecules of widely divergent characteristics (e.g. cyto-
genic markers, oncogenes and abnormally expressed proteins with
various biological functions), but sharing an association with malig-
nancy that facilitates their application in the clinical detection (diag-
nosis, screening) and management (monitoring, prognosis) of can-
cer patients. Tumor markers are biological compounds, produced
either by tumor cells or by the host in response to a developing
tumor and are usually determined in serum. A large number of pro-
teins have been suggested as potential circulating “Tumor markers”
(Sturgeon 2002): e.g. 1) serum carcinoembryonic antigen (CEA)
(Hayes et al. 1996; Mitchell 1998; McLeod et al. 1999; Compton et
al. 2000; Thomas et al. 2001; Duffy et al. 2003) and plasma TIMP-1
(Holten-Andersen et al. 2000, 2002; Duffy et al. 2003) in colorectal
cancer; 2) serum CA-125 (Bast et al. 1998, 2003) and tetranectin
(Hgagdall et al. 2000a) in ovarian cancer; 3) serum prostate specific
antigen (PSA) in prostate cancer (Catalona 1994; Partin et al. 1997,
Canto et al. 2004; Hittelman et al. 2004; Khan et al. 2004); 4) serum
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alpha-fetoprotein (AFP) and human chorionic gonadotropin (hCG)
in testis cancer (Bosl et al. 1997); and 5) serum breast cancer as-
sociated antigen 549 and 15.3 (S6letormos 2001), plasma soluble
urokinase plasminogen activator receptor (Riisbro et al. 2002) and
serum human epidermal growth factor receptor 2 (HER-2) in breast
cancer (Ross et al. 1998; Carney WP 2003). None of these bio-
markers are specific for cancer and are not yet used routinely in
screening for cancer. Serum CEA, CA-125, PSA, AFP and hCG are
applied routinely in patients suspected of having cancer and in
monitoring of cancer patients.

IS SERUM YKL-40 A NEW BIOMARKER

IN CANCER PATIENTS?

Acceptance of novel tumor markers in clinical settings requires thor-
ough validation before being implemented into routine clinical use.
Werner et al. (1993) have suggested that “Tumor markers” are classi-
fied according to six different clinical criteria such as biochemical
characteristics, organ specificity or clinical usefulness in order to as-
sess the value of tumor markers in clinical practice:

1. “The marker is produced exclusively

by specific tumor cells (tumor specific)”?

YKL-40 is not specific for cancer or a certain type of tumors. YKL-
40 is produced by non-malignant cells (as described in Chapter 1
and 4) and by cancer cells of widely different types of solid cancer.

2. “The marker is absent in healthy or benign disease

(high specificity)™?

Serum concentrations of YKL-40 do not have high specificity for
cancer. YKL-40 is detected in serum from healthy subjects and ele-
vated serum YKL-40 (compared to healthy subjects) are found in
patients with non-malignant diseases such as severe bacterial infec-
tions, active RA, GCA, IBD, lung sarcoidosis, and liver fibrosis (as
described in Chapter 4). Most patients with these diseases will have
some clinical symptoms of their disease.

3. “The marker is present frequently in the targeted malignancy
(high sensitivity)”?

In 1995 Johansen et al. (11) reported that some patients with meta-
static breast cancer had increased serum YKL-40 compared to
healthy subjects, and that the highest serum YKL-40 were found in
patients with short survival (Figure 4). This study suggested that
serum YKL-40 might be useful as a prognostic marker in breast
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Figure 4. Individual serum YKL-40 concentrations in patients with meta-
static breast cancer in relation to months of survival after the serum sample
was obtained (Johansen et al. 1995 Il). The serum YKL-40 levels were de-
termined by RIA (Johansen et al. 1993 1) but the data were corrected to
ELISA values (YKL-40 ELISA=YKL-40 RIA X 0.479). The upper 95t percent
limit of serum YKL-40 in 245 healthy adults is 124 pg/l.
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cancer patients. Recent studies have found elevated serum YKL-40
in a subgroup of patients with seven different types of localized or
metastatic solid cancer compared to healthy subjects (Table 3) (Cin-
tin etal. 1999, 2002; Tanwar et al. 2002; Dehn et al. 2003; Geertsen et
al. 2003; Hagdall et al. 2003; Jensen et al. 2003; Johansen et al.
2003a, 2004; Dupont et al. 2004; Brasso et al. 2006). It needs to be
determined if YKL-40 is elevated in serum of patients with hemato-
logical malignancies.

Preoperative serum YKL-40 levels were elevated in 19% of pa-
tients with primary breast cancer and the patients with metastases to
axillary lymph nodes had higher serum YKL-40 compared to lymph
node negative patients (Johansen et al. 2003a). In patients with first
recurrence of breast cancer serum YKL-40 was elevated in 31-41%
of the patients, and high serum YKL-40 was associated with meta-
static sites and large tumor load: 9-20% of patients with recurrence
to lymph nodes or skin only had elevated serum YKL-40, 24-35%
with bone metastases, and 57-61% with visceral metastases (Jo-
hansen et al. 1995; Jensen et al. 2003). Highest serum YKL-40 were
found in patients with more than two different metastatic sites
(Jensen et al. 2003). Preoperative serum levels of YKL-40 from
patients with colorectal cancer was elevated in 26% and there was an
association between serum YKL-40 and Dukes’ stage: 16% of the
patients with Dukes’ A (tumor confined within the bowel wall, no
lymph-node metastases), 26% with Dukes’ B (tumor extending
through the bowel wall, no lymph-node metastases), 19% with
Dukes’ C (regional lymph-node metastases), and 39% with Dukes’
D disseminated disease) had elevated preoperative serum YKL-40
(Cintin et al. 1999). Serum YKL-40 decreased significantly after
curative operation for colorectal cancer in patients with high pre-
operative serum YKL-40 (Cintin et al. 2002), indicating that serum
YKL-40 reflect tumor burden. Preoperative serum YKL-40 was ele-
vated in 65% of stage | and Il ovarian cancer patients (Dupont et al.
2004), in 74-91% of patients with ovarian cancer stage 111 (tumor
growth involving one or both ovaries with wide-spread intraperito-
neal metastases) and 1V (disseminated disease) (Hggdall et al. 2003;
Dupont et al. 2004) and in 55% of ovarian cancer patients at time of
first recurrence (Dehn et al. 2003). In patients with small cell lung
cancer 22% with local disease and 40% with extended disease had
elevated serum YKL-40 (Johansen et al. 2004). 43% of patients with
metastatic prostate cancer (Brasso et al. 2006) and 83% of patients
with metastatic renal cell cancer (Geertsen et al. 2003) had elevated
serum YKL-40. In patients with glioblastoma serum YKL-40 was re-
lated to tumor grade and burden: 72% of patients with glioblastoma
multiforme and 57% with lower grade gliomas had high serum
YKL-40 (Tanwar et al. 2002).

These studies demonstrate that serum YKL-40 does not have a
high sensitivity for solid carcinoma, suggesting that not all tumors
express YKL-40 or it is secreted at a low level. This could be evalu-
ated in immunohistochemical and in situ hybridization studies of
biopsies from different types of cancer.

4. “The marker is detectable in early stage subclinical disease
(useful for screening)”?

Determination of serum YKL-40 concentrations cannot be used as a
single screening test for cancer. At time of first cancer diagnosis 16-
74% of the patients had elevated serum YKL-40, and only 16-26% of
patients with primary localized cancer had elevated serum YKL-40.
However, in patients with locally advanced or metastatic cancer at
the time of diagnosis serum YKL-40 levels were elevated in 39-83%.
A high serum YKL-40 in a subject without any known disease may
therefore indicate non-symptomatic cancer. Serum concentrations
of YKL-40 were independent of serum CEA in colorectal cancer pa-
tients (Cintin et al. 1999, 2002), of serum CA-125 in ovarian cancer
patients (Dehn et al. 2003; Hagdall et al. 2003), of serum HER-2 in
metastatic breast cancer patients (Jensen et al. 2003), of serum LDH
in patients with small cell lung cancer (Johansen et al. 2004) and of
serum PSA in patients with metastatic prostate cancer (Brasso et al.
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Table 3. Serum levels of

YKL-40 (ug/l) in patients . . High YKL-40
with localized or advanced Diagnosis N Serum YKL-40 (%)* Reference
cancer and th.e percentage Primary breast cancer® 271 57¢ (22-688) 19 Johansen et al. 2003a
of patients with elevated
serum YKL-40. Metastatic breast cancers, relapse ........... 54 80¢ (20-560) 41 Johansen et al. 1995
softtissue .......... .. 10 59  (29-433) 20
bone ... . 25 75 (21-560) 35
VISCEIA vttt e e e 19 157¢  (20-468) 61
Metastatic breast cancer, 1. relapse .......... 100 65¢ (20-430) 31 Jensen et al. 2003
nodes and skinonly ..................... 36 51  (20-267) 9
bone ... ... 28 61° (24-310) 24
VISCEIA vttt et e e 36 110¢  (21-430) 57
Colorectalcancer®s . ...................... 603 86¢ (27-1298) 26 Cintin et al. 1999
Dukes A ... ... ... 58 730 (27-295) 16
DUKESB ..ottt 223 86° (27-604) 26
DukesC ... ..ot 175 77¢ (27-582) 19
DukesD ...t 147 119¢ (27-1298) 39
Glioblastoma multiforme .................. 45 130¢ (38-654) 72 Tanwar et al. 2002
Lower grade gliomas ...................... 20 101¢  (50-225) 57
Ovarian cancer, all stages® ................. 50 94¢ (17-517) 72 Dupont et al. 2004
Ovarian cancer, stage llI® .. ................. a7 168¢ (32-1808) 74 Hogdall et al. 2003
Ovarian cancer, relapse .................... 73 94¢ (20-1970) 55 Dehn et al. 2003
Small cell lungcancers .................... 131 82¢ (23-1188) 32 Johansen al. 2004
localdisease .............. ... ... 59 717 (23-417) 22
extensive disease ............... ... ..., 72 101¢ (27-1188) 40
Metastatic prostate cancer 153 112¢  (20-2080) 43 Brasso et al. 2006
Metastatic renal cell cancer 58 235 (45-1896) 83 Geertsen et al. 2003

Values are median (range).

a:p<0.02, b: p<0.01 and c: p<0.001, compared with controls (Mann-Whitney test).

o) Preoperative.

#) The percentage (%) of patients with elevated serum YKL-40 compared to the age-adjusted serum YKL-40 level in
healthy subjects. For all the danish studies the normal reference region was calculated on the log transformed serum or
plasma YKL-40 levels obtained from healthy subjects (aged 18-79 years; N=260 for RIA values and N=245 for ELISA val-
ues) (Johansen et al. 1996a Ill). The upper 95t per cent confidence limit was chosen for the limit and adjusted for age

(Royston 1991).

§) RIA analysis (Johansen et al. 1993 I) but data corrected to ELISA values (YKL-40 ELISA=YKL-40 RIA X 0.479). All the other
studies used the ELISA method (Harvey et al. 1998).

Table 4. Serum level of
YKL-40 is an independent
prognostic variable of
overall survival in cancer

patients. These results are
from multivariate Cox
regression analysis using
routinely used prognostic
variables.

Relative 95%

hazard confidence
Diagnosis ratio interval p value Reference
Primary breastcancer ........... ... .. ... .. ... 1.8 1.0-3.1 0.04 Johansen et al. 2003a
Metastatic breastcancer .. ..................... 2.6 1.6-4.1 0.0002 Jensen et al. 2003
Colorectal cancer ... 1.4 1.1-1.8 0.007 Cintin et al. 1999
Ovarian cancerstage lll ....................... 4.0 1.5-10.3 0.005 Hegdall et al. 2003
Recurrent ovariancancer ...................... 23 1.3-4.1 0.006 Dehn et al. 2003
Smallcelllungcancer ............ ... ... ou.. 1.9 1.1-3.4 0.02 Johansen et al. 2004
Metastatic prostate cancer ..................... 1.3 1.0-1.7 0.02 Brasso et al. 2006
Metastatic renal cellcancer .................... 4.1 1.9-8.8 0.001 Geertsen et al. 2003

These cancer patients were scored as having elevated serum YKL-40 if it was higher than the upper 95t per cent confidence
limit of serum YKL-40 in healthy subjects adjusted for age (se also footnotes to Table 3).

2006). The studies indicate that serum YKL-40 reflects other aspects
of tumor growth and metastasis than these tumor markers. It may
be of value to include serum YKL-40 as a biomarker for screening of
cancer together with a panel of other tumor markers and imaging
techniques, since an elevated serum YKL-40 level seems to reflect
metastatic disease and secretion from a subset of tumors with a
more aggressive phenotype and with a poor prognosis (described
below).

5. “The marker’s concentration reflects prognosis

for an individual patient (prognosticator)”?

Eight studies have demonstrated that elevated serum YKL-40 in pa-
tients with breast-, colorectal-, ovarian-, kidney-, small cell lung-,
and prostate carcinomas was an independent prognostic parameter
of short recurrence free interval and short overall survival with
hazard ratios between 1.3 and 4.1 (Table 4). This observation was
found in patients with local or metastatic cancer, and at the time of
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first cancer diagnosis or at the time of relapse (Johansen et al. 1995,
2003a, 2004; Cintin et al. 1999, 2002; Dehn et al. 2003; Geertsen et
al. 2003; Hagdall et al. 2003; Jensen et al. 2003; Brasso et al. 2006).
High preoperative serum YKL-40 level in patients with primary
breast cancer was an independent prognostic parameter of short re-
currence free interval and short overall survival when axillary lymph
node- and estrogen receptor status, age, tumor size and histology,
menopausal status and serum YKL-40 were included in the multi-
variate Cox analysis (Johansen et al. 2003a). There are no longitu-
dinal studies of the changes in serum YKL-40 levels in breast cancer
patients after operation and adjuvant chemo-, antiestrogen- or
radio-therapy. However, an elevated serum YKL-40 in breast cancer
patients at time of first recurrence predicted shorter time to progres-
sion and shorter overall survival (Jensen et al. 2003). Multivariate
Cox analysis (including estrogen receptor- and axillary lymph node
status at primary diagnosis, liver metastases, more than two meta-
static sites, symptomatic disease at recurrence and serum HER-2
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and YKL-40 levels) showed that high serum levels of YKL-40 and
HER-2 were independent prognostic variables of short time to dis-
ease progression and death (Jensen et al. 2003). Figure 5 illustrates
survival curves in patients with metastatic breast cancer according
to elevated or normal serum concentrations of YKL-40 and HER-2
at time of first relapse (Jensen et al. 2003). Patients with both high
serum YKL-40 and HER-2 level had the poorest median survival of
only 9 months contrasting 32 months for patients with normal
serum YKL-40 and HER-2.

High preoperative serum concentration of YKL-40 in patients
with colorectal cancer was also an independent prognostic para-
meter of short recurrence free interval and short overall survival
(the multivariate Cox analysis included Dukes’ stage, age, gender,
serum CEA and YKL-40) (Cintin et al. 1999). In stage Ill ovarian
cancer patients a high preoperative serum YKL-40 was an independ-
ent prognostic parameter of short survival (the multivariate Cox
analysis included serum YKL-40 and CA-125, optimal vs. subopti-
mal results from primary surgery, age, and histological type of tu-
mor) (Hggdall et al. 2003) and a similar result was found in patients
with recurrence of ovarian cancer (the multivariate Cox analysis in-
cluded serum YKL-40 and CA-125, age, localization of tumor and
its size, performance status, primary and second-line treatment)
(Dehn et al. 2003). An elevated serum YKL-40 was also an inde-
pendent prognostic variable of short survival in patients with meta-
static prostate cancer (the multivariate Cox analysis included age,
performance status, tumor grade, serum PSA, total and bone alka-
line phosphatase, PINP, crosslaps and YKL-40) (Brasso et al. 2006),
and in patients with metastatic renal cell carcinoma (the multivari-
ate Cox analysis included serum YKL-40, performance status,
number of organ disease sites, organ site involvement, prior ne-
phrectomy, and time from diagnosis to metastases) (Geertsen et al.
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Figure 5. Survial curves in relation to serum concentations of HER2 and
YKL-40 in 100 patients with first metastatic manifestation of breast cancer
before first line anthracycline-based chemotherapy (Jensen et al. 2003).
With a normal serum HER2 level (fat lines), the serum YKL-40 level se-
parated the patients into those with a good prognosis (normal serum YKL-
40, straight fat line) and bad prognosis (high serum YKL-40, dotted fat line).
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2003). In patients with small cell lung cancer a high serum YKL-40
at time of diagnosis and before chemotherapy was a parameter for
death within the following 6 months and was independent of age,
sex, disease stage, performance status, and serum LDH (Johansen et
al. 2004).

In all six different types of carcinoma tested a high serum YKL-40
level was related to poor prognosis, and serum YKL-40 was inde-
pendent of other known prognosticators when tested in multivariate
Cox analysis. These results suggest that serum YKL-40 may be a use-
ful “prognosticator” identifying a subgroup of cancer patients with a
poor prognosis. The function of YKL-40 in cancer diseases is un-
known, but these clinical studies indicate that the elevated serum
YKL-40 level found in some cancer patients reflects YKL-40 secre-
tion from a subset of tumors with a more aggressive phenotype and
a poor prognosis. It is of major importance to evaluate if YKL-40
has a role in promoting growth, invasion and metastasis potential of
the cancer cells.

“The marker’s degree of expression correlates

with therapeutic results (useful for monitoring)™?

One study of curatively operated colorectal cancer patients has
evaluated changes in serum YKL-40 levels during the follow-up after
surgery (Cintin et al. 2002). It was found that patients with elevated
serum YKL-40 six months after the operation had significantly
shorter recurrence free interval and overall survival than patients
with normal serum YKL-40 at 6 months postoperative. This result
was independent of serum CEA levels at 6 months postoperative.
Multivariate Cox analysis scoring serum YKL-40 as a time-depend-
ent covariant and including age, Dukes’ stage, gender, and tumor
localization showed that a high serum YKL-40 postoperatively in
curatively operated colorectal cancer patients increased the risk of
recurrence within the following 6 months by 6.9 fold and the risk of
death by 8.5 fold.

The result of this study indicates that serum concentrations of
YKL-40 may be useful for monitoring of cancer patients. However,
large longitudinal studies of patients with other types of cancer are
needed to evaluate if determination of serum YKL-40 in combina-
tion with other prognostic tumor biomarkers can be useful to mon-
itor in cancer patients after primary operation, adjuvant chemo-,
antihormonal-, and radio-therapy in order to detect first recurrence
early. It is unknown if pretreatment serum YKL-40 levels or early
changes during treatment can help to identify patients who respond
or do not respond to the given therapy. Longitudinal studies are also
needed to evaluate if serum YKL-40 can provide clinical informa-
tion about disease progression in patients with metastatic cancer be-
fore this is detected by routine methods. The present studies show
elevated serum YKL-40 particularly in patients with metastases in
the liver and lung.

YKL-40 AND LIVER METASTASES

Liver metastases imply a poor prognosis and often develop in pa-
tients with breast-, colorectal-, ovarian-, and lung- carcinoma after
removal of the primary tumor. High serum YKL-40 levels are often
found in patients with liver metastases (Johansen et al. 1995; Cintin
et al. 1999, 2002; Dehn et al. 2003; Jensen et al. 2003). The develop-
ment of liver metastases involves several steps, i.e. exfoliation of
cancer cells from the primary site, entry into the portal system, ad-
hesion to the endothelium and subsequent extravasation in the
hepatic microvasculature, and multiplication and formation of
glandular or acinar structure in the liver parenchyma. Whether or
not cancer cells successfully metastasize to the liver depends not
only on their cytological properties but also on the hepatic micro-
environment involving macrophages and natural killer cells, which
constitute the defense system of the liver. Myofibroblasts are usually
associated with cancers of epithelial origin and contribute to the
growth of metastatic tumors before neovascularization is induced
(Schmitt-Graff et al. 1994). Hepatic stellate cells (HSCs) are the only
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mesenchymal cells present in the extravascular space of the liver
parenchyma. While quiescent in the steady state, they are activated
by various stimuli and undergo transformation into myofibroblasts
(see also Chapter 4.4). HSCs have been shown to be activated and
accumulated around the tumor cells in liver metastases from human
colon carcinoma, but the complete interaction between cancer cells
and HSC is not well understood. Cancer cells that metastasize to the
liver release HSC activating factors and may contribute to the pro-
gression of hepatic metastasis. Furthermore growth factors (e.g.
PDGF and hepatocyte growth factor) secreted by HSCs augment
proliferation and migration of cancer cells in vitro (Olaso et al. 1997;
Shimizu et al. 2000; Lunevicius et al. 2001). Hepatic myofibroblasts
promote the proliferation of hepatocellular carcinoma cell lines, and
the latter cells in turn activate and promote proliferation of the
former cells (Neaud et al. 1997; Faouzi et al. 1999) demonstrating
bi-directional interactions between cancer cells and HSCs. YKL-40
stimulates fibroblasts in vitro (Recklies et al. 2002) and one could
speculate that YKL-40 secreted by metastatic tumor cells in the liver
has an effect on HSCs and myofibroblasts, and that YKL-40 secreted
from HSCs activates the cancer cells.

CONCLUSIONS AND FUTURE PERSPECTIVES

In order to propose guidelines on how promising tumor markers
progress from the laboratory into the clinic, Hayes and colleagues
have introduced the “Tumor Marker Utility Grading System”
(TMUGS) (Hayes et al. 1996, 1998). According to this system, se-
rum YKL-40 is on the “Utility scale +” or “Utility scale +/-". YKL-40
is neither organ nor tumor specific, but the present eleven retro-
spective clinical studies of 1605 patients with different types of can-
cer indicate that serum concentrations of YKL-40 may be useful as a
“prognosticator” and may also have a role in screening and moni-
toring of cancer patients. Elevated serum concentrations of YKL-40
were found in a subgroup of patients with seven different types of
solid carcinoma (including several types of adenocarcinomas, small
cell carcinoma, and glioblastoma). The highest serum YKL-40 levels
were found in patients with metastatic cancer and with the poorest
prognosis and serum YKL-40 provided independent information of
survival. The potential values of serum YKL-40 as a biomarker in
monitoring and diagnosis of cancer need more studies, and its role
as a biomarker in hematological malignancies has to be determined.

According to the “TMUGS”, a number of validation requirements
are suggested which have to be fulfilled before the marker can be
considered to have reached level of evidence | (“LOE I”"), whereupon
clinical implementation is feasible. Most tumor marker studies are
“LOE 1", defined as retrospective studies where samples are not
originally collected with the intent of testing the value (e.g. prognos-
tic value) of the marker of interest. The intermediate level “LOE I1”
is constituted by companion studies with prospectively collected
specimens as part of a therapeutic trial with pre-established end-
points and evaluation of both the marker and the therapeutic inter-
vention. Finally “LOE I” studies are either 1) highly-powered pro-
spective studies specifically addressing the issue of the utility of the
marker or 2) an overview or meta-analysis of studies, each of which
have a lower level of evidence.

It is yet unknown if knowledge of the serum YKL-40 level in an
individual patient can be reliably used to make clinical decisions
that will improve the outcome of the patient. All the present studies
of cancer patients regarding serum YKL-40 as a tumor marker in
cancer patients are retrospective in design and include a fairly small
number of patients and are of a lower level of evidence “LOE 11",
There are therefore limitations to the conclusions that can be made
from the present studies. The prognostic value of serum YKL-40
levels in patients with different types of primary and advanced carci-
noma should be confirmed in additional large retrospective studies
from other research groups. If a sufficient number of large retro-
spective studies of high quality confirm the association between
serum YKL-40 and poor prognosis a summarising meta-analysis
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can bring the generated data to “LOE I”. According to the “TMUGS”
guidelines, the next step would be to launch an appropriate pro-
spective study where the benefit of using serum YKL-40 levels in the
clinical decision-making process is assessed. Endpoints should
include overall survival, disease-free survival, quality of life and
cost-effectiveness. The study could be designed either as a single,
highly-powered, prospective, controlled study with the primary ob-
jective of testing serum YKL-40 level as a “prognosticator” or a sim-
ilar prospective study where the primary goal could be the testing of
a therapeutic hypothesis and secondly testing serum YKL-40 as a
biomarker.

A major issue to explore is the question: “Can YKL-40 or its re-
ceptor(s) be potential targets for cancer therapy?”. Unfortunately,
the biological function of YKL-40 in cancer development and
metastases is unknown and the elucidation of a possible function of
YKL-40 in cancer diseases is an important objective of future
studies. It has been shown that YKL-40 exhibits growth factor activ-
ity for cell types involved in tissue remodeling processes, and it has
been suggested that YKL-40 has a role in cancer cell growth and sur-
vival, the inflammatory process around the tumor, angiogenesis,
and remodeling of the ECM surrounding the cancer cells as pointed
out previously. Based on the present clinical studies of serum YKL-
40 levels in cancer patients one could hypothesize that YKL-40 will
prove to have a role in the ability of cancer cells to proliferate, sur-
vive, invade and metastasize and/or a regulating role in cancer cell-
matrix interactions and in the production of the altered extracel-
lular matrix surrounding the cancer cells. Provided future studies
show that YKL-40 has such roles, YKL-40 could be an attractive
target in the design of anticancer therapy. Any approach that would
inhibit the function of YKL-40 (e.g. inhibition of YKL-40 gene ex-
pression, protein synthesis and secretion, neutralization of YKL-40
activity, blocking YKL-40 conversion from a latent to an active form,
interruption of YKL-40 affinity or reaction with its receptor) may
limit cancer growth and metastases and improve the survival of can-
cer patients with YKL-40 expressing tumor cells. Potential inhibitors
of YKL-40 activity include methods to inhibit YKL-40 production
(e.g. siRNA), human (or humanized) monoclonal antibodies spe-
cific for YKL-40 or its receptor(s), YKL-40 receptor antagonists, or
substrate molecules that competitively bind to YKL-40. Such poten-
tial inhibitors of YKL-40 could be expected to have therapeutic ef-
ficacy in cancer patients with tumors that produce YKL-40. It is
therefore of major importance to explore if YKL-40 could become a
target for the development of new cancer therapeutics.

6. GENERAL CONCLUSIONS

The purpose of this thesis was to determine if serum YKL-40 is a
clinically useful biomarker of disease activity and prognosis in
human disease. The results of these studies indicate that serum
YKL-40 is a biomarker of pathogenic processes related to inflamma-
tion, extracellular tissue remodeling, fibrosis and solid carcinomas.
Although these results must be confirmed in large, prospective clin-
ical studies of patients with each of these diseases, several general
conclusions can be made:

YKL-40 is expressed and secreted by inflammatory cells (neu-
trophils, a subgroup of monocytes/macrophages, giant cells),
chondrocytes, fibroblast-like synovial cells, vascular smooth muscle
cells, endothelial cells, hepatic stellate cells and by malignant cells
from many different solid carcinomas. Increased expression of YKL-
40 mRNA and protein in human tissues is found in pathological
conditions with acute or chronic inflammation, increased remode-
ling of the ECM, development of fibrosis and cancer as illustrated by
the increased local synthesis of YKL-40 in affected tissue from pa-
tients with meningitis, rheumatoid arthritis, osteoarthritis, giant cell
arteritis, sarcoidosis, scleroderma, liver fibrosis and solid carcinoma.

YKL-40 concentrations can be measured in conditioned media of
human cell cultures and in human serum, EDTA plasma, and syn-
ovial fluid by RIA or ELISAs. The serum concentration of YKL-40 is
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stable at a low level in healthy children, young and middle age
adults, but increases in healthy elderly, probably due to increased
subclinical inflammation or to an undiscovered disease. Elevated
serum YKL-40 levels (i.e. higher than the 95™ level in age-matched
healthy controls) are found in patients with different pathological
conditions characterized by either acute or chronic inflammation,
increased remodeling of the ECM, development of fibrosis and
cancer. This is illustrated in studies of patients with the following
diseases: acute bacterial infections, rheumatoid arthritis, osteo-
arthritis, giant cell arteritis, sarcoidosis, scleroderma, inflammatory
bowel disease, liver fibrosis, and seven different types of solid car-
cinoma. These studies found that serum YKL-40 reflects disease ac-
tivity in the patients.

The prognostic value of serum YKL-40 was studied in patients
with Streptococcus pneumoniae bacteremia, rheumatoid arthritis,
alcoholic liver disease and six different types of solid carcinomas. All
studies found that an elevated serum YKL-40 level is a prognostic
biomarker of a poor prognosis. All but one of the studies further
found that serum YKL-40 provided independent prognostic infor-
mation when compared with other known prognostic biomarkers.
Serum concentrations of YKL-40 appear to reflect other aspects of
inflammation than serum CRP in patients with acute bacterial in-
fections, rheumatoid arthritis, giant cell arteritis, and inflammatory
bowel disease. Large prospective studies of serum YKL-40 and CRP
levels in patients with rheumatoid arthritis should be performed to
assess if the combination of these 2 parameters is more useful to
determine ongoing disease activity and to predict joint destruction
than if only serum CRP is determined. In patients with liver disease
the serum YKL-40 level was useful to discriminate between the ab-
sence and presence of fibrosis. Large prospective studies of patients
with different liver diseases are needed to investigate if determin-
ation of serum YKL-40 in combination with other circulating bio-
markers of connective tissue metabolism (e.g. serum hyaluronan
and PIINP) can be used in clinical practice for detection and moni-
toring of liver fibrosis. In patients with solid carcinomas the serum
concentration of YKL-40 provided information of disease extension
and aggressiveness and serum YKL-40 was not closely related to
other serological tumor markers. High serum YKL-40 levels in can-
cer patients with six different types of solid carcinoma was found to
be a “prognosticator” of short time to disease progression and short
survival and one study also suggests that serum YKL-40 has a poten-
tial value in monitoring of cancer patients. These results have to be
confirmed in large prospective studies of cancer patients and it
needs to be determined if YKL-40 is elevated in serum of patients
with hematological malignancies.

The study of YKL-40 has just started and several biological ques-
tions regarding this protein remain to be answered. The complete
biological function of YKL-40 is unclear, and it is not yet known if
YKL-40 has a receptor. The present clinical studies suggest that
YKL-40 has a role in pathological growth, metastatic potential, in
inflammation and tissue remodelling processes and in pathological
conditions leading to fibrosis. The mechanisms by which stimuli
lead to increased expression and synthesis of YKL-40 are unknown,
however, and deserve intensive studies. YKL-40 knock-out mice or
transgenic mice are not described in the literature and will hopefully
be made in the near future. In vitro studies have found that YKL-40
promotes the growth of fibroblasts, endothelial cells, fibroblast-like
synovial cells and chondrocytes, and works in a synergistic fashion
with IGF-1. It has been suggested, but not proven, that YKL-40 has
an anti-apoptotic function. In rheumatoid arthritis YKL-40 seems
to be an autoantigen with a possible role in the pathogenesis of
rheumatoid arthritis. It remains to be determined whether YKL-40
is related to the autoimmune response underlying some of the other
autoimmune diseases. YKL-40 is expressed by cancer cells from
solid carcinomas and by tumor-associated macrophages but its
function in cancer development, growth and metastasis are un-
known.
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It has been challenging and rewarding to investigate the potential
of serum YKL-40 as a biomarker in human disease. It is also exciting
to see the steady increase in the number of other investigators who
have studied the biomarker potential of YKL-40 and have consist-
ently found evidence for clinical utility in serum YKL-40 measure-
ment. Since there are no available biomarkers that provide the same
clinical information in human disease as YKL-40, there is reason to
be optimistic that it will have a place in the routine clinical manage-
ment of a number of human diseases. The protein is more than a
biomarker, however. It is a protein secreted by cells involved in a
variety of human diseases, and its function, when known, should
provide a basis for better understanding of these disease processes. It
is also possible that the protein itself may prove to be a therapeutic
target for human disease.

Abbreviations
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inflammatory bowel disease (IBD)
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