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ABSTRACT 

The chitinase-like proteins YKL-39 (chitinase 3- 
like-2) and Chitortriosidase (CHIT-1) are mem- 
bers of the chitinases family. YKL-39 expression 
has been associated with osteoarthritis, whereas 
CHIT-1 activity is regarded as a biochemical 
marker of macrophage activation. So far, the 
physiological or pathological role of YKL-39 in 
the inflammation is still poorly understood. We 
compared YKL-39 and CHIT-1 modulation during 
monocyte to macrophage transition and polari- 
zation. Gene expression analysis was investi- 
gated by real-time PCR from mRNA of human 
monocytes obtained from buffy coat of healthy 
volunteers, from mRNA of polarized macrophages 
to classically activated macrophages (or M1), 
obtained by interferon-γ and lipopolysaccharide 
exposure, and from mRNA of alternatively acti- 
vated macrophages (or M2) obtained by inter- 
leukin-4 exposure. We demonstrated different 
variations of YKL-39 and CHIT-1 production 
during macrophages polarization. CHIT-1 levels 
gradually increase in the course of the time with 
a peak of expression between the fifth and the 
seventh day of culture. In contrast, YKL-39 ex- 
pression was unaltered in the diverse stage of 
HMMs differentiation, but increased significantly 
in M1 polarized macrophages and reverted to 
base levels in M2 polarized macrophages. These 
findings indicated that the function of YKL-39 is 
much more restricted and selective than that 
exerted by CHIT-1. 
 
Keywords: YKL-39; Chitotriosidase; Human  
Monocyte/Macrophages; Classically Activated 
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1. INTRODUCTION 

YKL-39 (or chitinase 3-like 2, YKL-39) is a human 
chitinase-like protein which contains Glyco-18 domain 
with no catalytic activity but with putative lectin proper- 
ties [1]. Although YKL-39 is homologous to the family 
18 chitinases in the human genome, it has been reported 
to lack any chitinase activity. Recently, it has been found 
that human YKL-39 possesses a chitinase-like fold. Strik- 
ingly, the chitinase activity of YKL-39 was recovered by 
reverting two non-conservative substitutions in the active 
site to those found in the active enzymes, suggesting that 
YKL-39 is a pseudo-chitinase with retention of chitinase- 
like ligand-binding properties [2]. YKL-39 displayed ana- 
bolic properties in cartilage [3,4]. It was originally iden- 
tified as an abundantly secreted protein in primary cul- 
ture of human articular chondrocytes [3]. YKL-39 mRNA 
is significantly up-regulated in cartilage of patients with 
osteoarthritis [4]. Since the expression of YKL-39 was 
upregulated both in early degenerative and late stage of 
osteoarthritis, it has been recognized as a biochemical 
marker for the activation of chondrocytes and the pro- 
gress of the osteoarthritis in human [5]. Proteomic analy- 
sis confirmed that YKL-39 is secreted by human os- 
teoarthritic cartilage in culture [6]. Two physiological ac- 
tivities of YKL-39 might contribute to the disease pro- 
gression: the former is the induction of autoimmune re- 
sponse [7,8]; the second is its involvement in tissue re- 
modeling. Several mammalian Glyco_18 domain con- 
taining proteins are expressed by macrophages in various 
physiological situations [9]. Enzymatically active chito- 
triosidase is expressed by mature monocyte derived 
macrophages, lung macrophages and Gaucher cells [10- 
12]. Gaucher cells are abnormal lipid-laden macrophages  
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formed in tissues of Gaucher disease patients. Gaucher 
cells can be classified as a variation of alternatively acti- 
vated macrophages [13]. Consequently CHIT-1 is used as 
a highly specific biomarker for lysosomal storage disorder 
[14]. Later the levels of this enzyme were found elevated 
in Niemann-Pick diseases [15], but also in other patho- 
logical conditions including β-thalassaemia [16], sarcoi- 
dosis [17], multiple sclerosis [18], atherosclerosis [10] 
and in parasitic infections such as plasmodium falcipa- 
rum malaria [19]. Interestingly, other investigations have 
suggested that CHIT-1 may be involved in the progres- 
sion of nonalcoholic steatohepatitis [20,21] and could 
have a crucial role even in pathological conditions, such 
as coronary artery disease [22], acute ischemic stroke [23] 
cerebrovascular dementia (CVD) and Alzheimer’s disease 
(AD) [24]. Overall, these data underline the notion that 
CHIT-1 acts as an important factor in inflammation [11]. 
To our knowledge, so far, there is only one report sug- 
gesting that YKL-39 can be expressed on a very low 
level in macrophages differentiated in the presence of 
IFNγ and IL-4 [25]. Numerous degenerative diseases are 
associated with a deficiency or alteration in macrophage 
function [26]. Macrophages play a crucial role in regu- 
lating the initiation, amplification, and resolution of in- 
nate immune responses. Macrophages can be classically 
activated (M1), in the presence of interferon (IFN)-γ and 
lipopolysaccharide (LPS), while in the presence of inter- 
leukin (IL)-4 and (IL)-13, macrophages undergo alterna- 
tive activation or are skewed toward an M2 phenotype of 
alternatively activated macrophages (M2). Macrophage 
polarization deeply alters the immune properties of these 
cells as shown by the potent anti-microbial properties of 
M1 macrophages versus the marked tissue repair proper- 
ties of M2 macrophages [27]. It has been reported that 
not only elevated levels of YKL-39 observed during 
chronic in- flammation can be assigned to the activation 
of synovial cells, but also macrophages can contribute to 
the YKL-39 production [28]. The aim of our study was to 
compare the modulation YKL-39 expression with CHIT-1 
expression during macrophage activation and their po- 
larization in M1 and M2. 

2. MATERIALS AND METHODS 

2.1. Cells 

Human monocyte-derived macrophages (HMMs) were 
isolated from fresh buffy coat of healthy volunteers as 
previously described [29]. The buffy coat were diluted 
with phosphate-buffered saline (PBS) supplemented with 
2.5 mM EDTA and layered onto Ficoll-Hypaque gradi- 
ents (Gibco, Invitrogen, Milan, Italy). After 30 min of 
centrifugation at 400 × g at room temperature, the mono- 
nuclear cells were collected, washed twice with PBS and 
placed in plastic Petri dishes at a concentration of 1 × 106 
- 2 × 106 cells/cm surface areas in Iscove’s medium sup- 

plemented with 2 mM glutamine, and 50 mg/ml of peni- 
cillin/streptomycin. The cells were further purified using 
CD14 magnetic beads (Miltenyi Biotec) according to the 
manufacturer’s instructions. The HMMs were cultured in 
on Iscove’s medium supplemented with 10% of fetal calf 
serum (FCS) 2 mM glutamine and 1% of penicillin/strep- 
tomycin (Invitrogen, Milan, Italy) [29]. 

2.2. Macrophage Differentiation 

Macrophages were obtained by culturing monocytes 
for 7 days in Iscove’s medium supplemented with 10% 
FBS, 2 mM glutamine, 1% of penicillin/streptomycin (Invi- 
trogen, Milan, Italy) and 5 ng/ml M-CSF in Petri dishes 
at a density 1 × 106 - 2 × 106 cells/cm2. Macrophage po- 
larization was obtained as previously described [30]. In 
brief, the culture medium was removed and cells were 
cultured for an additional 18 h in RPMI 1640 supple- 
mented with 5% FBS and LPS (50 ng/ml) plus IFN-γ 
(100 U/ml) (for M1 polarization) or IL-4 (20 ng/ml) (for 
M2 polarization) (Peproteck, Milan, Italy). Five different 
cell types were generated: freshly isolated monocytes 
(Mono T0), cells at intermediate differentiation (3 days of 
culture: Mono T3), resting fully differentiated macro- 
phages (7 days of culture: macrophages), classical acti- 
vated macrophages (M1), alternative activated macro- 
phages (M2). Macrophage polarization was confirmed by 
real-time PCR detecting the expression for CXCL11 and 
CCL18, markers of M1 and M2 respectively (data not 
shown). Additionally we detected the transcriptional lev- 
els of TNF-α and superoxide dismutase (SOD2) in order 
to ascertain that monocytes macrophages were not acti- 
vated during differentiation. The polarization of macro- 
phages in M1 induced by LPS (50 ng/ml) and IFN-γ (100 
U/ml) resulted in an increase of both TNF-α and SOD2 
expression (data not shown). In contrast, both TNF-α and 
SOD2 expression was reduced in M2 polarized macro- 
phages (data not shown). 

2.3. Gene Expression Analysis by Real-Time 
PCR 

Total RNA was extracted from cells using TRIzol re- 
agent (Invitrogen, Milan, Italy). RNA was further puri- 
fied using RNeasy Mini columns and DNAse I digestion 
(QIAGEN, Milan, Italy) to remove any contaminating 
DNA, and subjected to real-time quantitative PCR in 
triplicate. For reverse transcription-polymerase chain reac- 
tion (RT-PCR), 2 µg of total RNA was reverse-tran- 
scribed with High-Capacity cDNA Reverse Trascription 
Kit (Applied Biosystems, Monza, Italy) in a 20 ml reac- 
tion solution. Real-time fluorescence PCR, based on SYBR 
Green, was carried out in a 30 ml final volume contain- 
ing 1 SYBR Green PCR Master Mix (Applied Biosys- 
tems, Monza, Italy), 200 nM forward and 200 nM re-  
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verse primers (Table 1) and 20 ng of cDNA. For each 
gene, generation of the correct PCR product was con- 
firmed by melting curve analysis, and fold difference in 
the abundance of mRNA (compared to the housekeeping 
gene GAPDH) was then calculated using the ΔCt method 
with the assumption of ideal primer efficiencies. Thermal 
cycling was performed in MicroAmp Optical 96-well 
reaction plate (Applied Biosystems, Monza, Italy) with 
MicroAmp optical caps (Applied Biosystems, Monza, 
Italy) using the ABI PRISM 7700 sequence detection 
system (Applied Biosystems, Monza, Italy). Amplifica- 
tion was carried out with the following conditions: 50˚C 
for 2 min, 95˚C for 10 min, and 30 cycles each of 95˚C 
for 15 sec and 60˚C for 1 min. Data are presented as 
mean % ± S.D. of at least three independent experiments. 
Differences were analyzed by Student t test, with p < 
0.05 being considered statistically significant. 

2.4. DNA Sequence Analysis by  
Bioinformatic Tools 

Potential control elements and consensus sites were 
analyzed by using MatInspector Professional software 
[31], which locates matches by comparing DNA sequences 
with weighted matrix descriptions of functional binding 
sites, based on the TRANSFAC database  
(http://www.biobase.de) [32]. MatInspector assigns a 
core similarity (CS) of 1 when the (usually four) highest 
conserved bases of a matrix (“core sequence”) match 
exactly in the sequence. The matrix similarity (MS) takes 
into account all bases over the matrix length. A “good” 
match usually has an MS of >0.8 [31]. Site mutations in 
the promoter sequence were analyzed routinely to verify 
that mutagenesis did not result in the generation of new 
potential binding sites. The FastM computer program [33] 
was applied to build models based on information about 
the individual elements involved, their strand orientation, 
their sequential order, and the distances between the 
elements. To analyze the human, vertebrate (rodent/other 
mammalian/other vertebrate), and viral databases for po- 
tential co-regulated promoters, the Model Inspector Pro- 
fessional program was applied [34] (Genomatix, Munich, 
Germany; http://genomatix.gsf.de). 

2.5. Statistical Analysis 

Data are expressed as mean ± standard error (SE). 
Significance was assessed by one-way analysis of vari- 
ance (ANOVA). p < 0.05 was considered to be statisti- 
cally significant. 

3. RESULTS 

3.1. Effect of LPS and IFN-γ on the  
Expression of YKL-39 and CHIT-1 in  
Undifferentiated Monocytes 

In order to detected the action carried out by LPS and 
IFN-γ on the expression of YKL-39 and CHIT-1 in un- 
differentiated monocytes, we treated the cells at different 
time points (2, 4, 8, and 24 h) maintaining the concentra- 
tion used for the polarization in M1. We found that the 
treatment with IFN-γ (100 U/ml) increased YKL-39 ex- 
pression by 2.69 and 2.83, over that of the control within 
4 and 8 h, respectively. In contrast, IFN-γ (100 U/ml) 
barely induced CHIT-1expression by 1.67 fold at 2 h, by 
1.21 and 1.34 at 4 and 8 h respectively and by 1.59 at 24 
h compared to the control (Figure 1(a)). Similarly, the 
treatment with LPS (50 ng/ml) increased YKL-39 ex- 
pression by 1.87, 2.12, 2.39 and 2.41 fold over that of the 
control within 2, 4, 8 and 24 h respectively. The expres- 
sion of CHIT-1 under the effect of with LPS (50 ng/ml) 
was reduced by 0.31 fold within 2 h compared to the 
control and hold steady within 24 h (Figure 1(b)). 

3.2. Effect of IL-4 on the Expression of 
YKL-39 and CHIT-1 in Undifferentiated 
Monocytes 

To examine the effect of IL-4 on YKL-39 and CHIT-1 
expression in undifferentiated monocytes, we treated the 
cells at different time points (2, 4, 8, 24 h) by using the 
concentration used for the polarization of macrophages 
in M2. Treatment with IL-4 (20 ng/ml) inhibited YKL-39 
expression. We found that the expression of YKL-39 un- 
derwent by 6.02, 8.12, 9.16 and 9.03 fold decreaseswithin 
2, 4, 8 and 24 h respectively (Figure 2). In contrast IL-4 
treatment was able to modulate CHIT-1 expression in- 

 
Table 1. Primer pairs used in real-time PCR analysis. 

Genes Forward Reverse 

YKL-39 TCTTGACTGCGGGCGTATC CCCAAGACCCATGGAAGTCA 

CHIT-1 ACCCTGTTAGCCATCGGAGCTGG TGCACAGCAGCATCCACCTTGAGG 

CCL18 CTCCTTGTCCTCGTCTGCAC TCAGGCATTCAGCTTCAGGT 

CXCL11 GCCTTGGCTGTGATATTGTG TGATTATAAGCCTTGCTTGCTTCG 

SOD2 GCTGACGGCTGCATCTGTT CCTGATTTGGACAAGCAGCAA 

TNF-α AGCCCATGTTGTAGCAAACC TGAGGTACAGGCCCTCTGAT 

GAPDH CTGCACCACCAACTGGAGGCTGG AGGTCCACCACTGACACGTT 

http://www.biobase.de/
http://genomatix.gsf.de/
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(a) 

 
(b) 

Figure 1. Detection of YKL-39 and CHIT-1 mRNA level by 
real time RT-PCR in undifferentiated monocytes, untreated and 
treated for 2, 4, 8, and 24 h with (a) IFN-γ (100 U/ml) (b) LPS 
(50 ng/ml). All RT-PCR values are given as ΔCt values, which 
correspond to the difference of the maximum number of 
RT-PCR cycles and the value obtained for each individual 
sample. Statistical analysis was performed by student’s t-test. *p 
< 0.05 of treated cells versus control. 

 
ducing an increase in the early hours of treatment (5.30 
fold and 5.5 fold increase within 2 and 4 h respectively) 
compared to the control cells (Figure 2). Whereas a sig- 
nificant reduction of CHIT-1 expression was detected 
within 8 and 24 h (1.04 fold decrease and 5.66 fold de- 
crease, respectively) compared to the untreated cells (Fig- 
ure 2). 

3.3. Expression of YKL-39 and CHIT-1  
during in Vitro Differentiation and  
Polarization of Peripheral Blood  
Monocytes 

In order to compare the modulation of YKL-39 ex- 
pression and CHIT-1 on primary human monocyte-to- 
macrophage maturation and subsequent polarization into 
M1 or M2 cells we used quantitative real time RT-PCR. 
The levels of CHIT-1 during the differentiation of mono-  

 

Figure 2. Detection of YKL-39 and CHIT-1 mRNA level by 
real time RT-PCR in M2-alternative activated macrophages, 
untreated and treated for 2, 4, 8, and 24 h with IL-4 (20 ng/ml). 
All RT-PCR values are given as ΔCt values, which correspond 
to the difference of the maximum number of RT-PCR cycles 
and the value obtained for each individual sample. Statistical 
analysis was performed by student’s t-test; *p < 0.05 and #p < 
0.001 of treated cells versus control. 

 
cytes into macrophages and subsequent macrophages po- 
larization into M1 and M2 showed significant changes. 
After 3 days of culture a fold increase of 2.87 was ob- 
served compared to the day 0 (Figure 3). On the fifth 
day levels of CHIT-1 expression were increased by 15.12, 
and on the seventh day, the expression of CHIT-1 reached 
an increase by 15.75 fold. In a previous study quantita- 
tive evaluation of CHIT-1 protein confirmed that CHIT-1 
enhancement is a mechanism operant with macrophages 
differentiation and polarization [35]. In contrast, YKL-39 
expression was unchanged in the diverse stage of HMMs 
differentiation. Following polarization in M1 macrophages 
YKL-39 levels showed a significant increase (14.72 fold) 
compared to day 0. In contrast, CHIT-1 displayed an 
opposite trend compared to YKL-39 (Figure 3). In fact, 
CHIT-1 expression showed a fold increase of 6.62 com- 
pared to day 0. In M2 macrophages CHIT-1 was more 
expressed than in M1 showing a fold increase by 7.52 
compared to day 0 (Figure 3) whereas YKL-39 expres- 
sion reverted to the basal levels. 

3.4. Analysis of YKL-39 Promoter Module 
Using MatInspector Modeling 

Functionally related promoters often exhibit a defined 
core organization of binding sites conserved in orienta- 
tion and in distance. This condition is true even when the 
promoter sequences do not show significant overall se- 
quence similarity [36]. The advances in silico analysis of 
promoter structure have allowed characterization of this 
higher-order organization and the subsequent search for 
potential co-regulated genes. To elucidate the mechanism  
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Figure 3. Real-time PCR of YKL-39 and CHIT-1 expression 
during human monocyte/macrophages differentiation and po- 
larization. T0, T3, T5 (monocyte/macrophages at day 0, 3, 5); 
MΦ 7 (macrophages at day 7), M1: classical activated macro- 
phages, M2: alternative activated macrophages. All RT-PCR 
values are given as ΔCt values, which correspond to the differ- 
ence of the maximum number of RT-PCR cycles and the value 
obtained for each individual sample. Statistical analysis was 
performed by student’s t test. *p < 0.001 and #p < 0.05 of dif- 
ferentiated or polarized cells versus day 0 cells. 

of different regulation of CHI3L-2 by IFN-γ and IL-4 we 
analyzed the promoter region of YKL-39 to search the 
presence of STATs consensus sequences. As shown in 
Figure 4(a), the YKL-39 promoter contains consensus se- 
quences with defined core and matrix parameters for 
STAT1, STAT3, STAT5, STAT6 and NF-κB [31]. A total 
of two sequence for NF-κB (one in positive strand and 
one in negative strand), for STAT5 (in positive strand) 
and STAT1 (two in negative strand), one for STAT 3 
(positive strand) and for STAT6 (positive strand) were 
found (Figure 4(b)). The core and matrix similarity scores 
for the various transcription factors weight matrices in 
the YKL-39 promoter are shown Figure 4(c). For gener- 
ating the models, moderate similarity thresholds were 
used (CS > 0.75, MS optimized for the individual weight 
matrices) for each element. Matches on both strands of 
the DNA were recognized. Some flexibility was intro- 
duced into the models when determining space between 
the elements. ModelInspector was previously used to 
search for CHIT-1 promoter in which we found consen-  

 

 

Figure 4. Design of FastM computer models. (a) Schematic representation of YKL-39 promoter, with the related transcription factors 
weight matrix parameters obtained from a MatInspector analysis. The matrix similarity regions are boxed, and the core and matrix 
similarity scores (CS, MS) state how close the YKL-39 promoter sequence matches the weight matrix (perfect match: CS = 1, MS = 
1); (b) Sequence of the positive strand of the promoter of chit1 in box with the recognition sequences for transcription factors; (c) 
Table for transcription factors with the following parameters: Tfs, transcription factor, Sp, start position, Ep, end position, Cs, core 
similarity, Ms, matrix similarity, S, strand. Some flexibility was introduced for the distances between the elements, and strand orien- 
tation was not restricted. 
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sus sequences with defined core and matrix parameters 
for STAT1, STAT3 and STAT6 [37]. 

4. Discussion 

In this study we compared the modulation of expres- 
sion of both YKL-39 and CHIT-1 during monocyte/ 
macrophages differentiation and polarization. The results 
reported here show that the effective maturation of mono- 
cytes into macrophages is shown by the increase of 
CHIT-1 levels in the course of the time and whit a peak 
of expression between the fifth and the seventh day of 
culture. In contrast, YKL-39 expression doesn’t show 
significant changes in the diverse stages of HMMs differ- 
entiation, but increases significantly in M1 polarized macro- 
phages, whereas in M2 reverted to base levels. In contrast 
to CHIT-1, YKL-39 has only be found to be expressed by 
synovial fibroblasts during osteoarthritis (OA) [4,5]. Nev- 
ertheless, more recently was demonstrated that YKL-39 
mRNA was expressed on a very low level in macrophages 
differentiated in the presence of IFN-γ or IL-4 [25]. 
Demonstration of very low levels of YKL-39 transcripts 
during macrophages differentiation is consistent, in part, 
with our results. Here we present the evidence, that only 
classically activated or M1 macrophages are able to pro- 
duce YKL-39 and that in response to IFN-γ and LPS 
stimulation undifferentiated monocytes were able to pro- 
duce YKL-39. It has been shown that Th1 cells pre- 
dominate in the synovium of patients with OA [38]. Con- 
sequently, IFN-γ which is one of the prevailing cytokine 
in OA tissues is able to induce the production of YKL-39 
by monocyte-derived macrophages. In patients with OA, 
the prevalence of autoantibodies to YKL-39 and other 
auto-antigens on early stages of disease implied that the 
autoimmune response occurs during the initial phase of 
cartilage degeneration [7]. This finding suggests that syno- 
vial fibroblasts do not represent the sole source of YKL- 
39 in OA. A study of Gratchev et al. showed that combi- 
nation of IL-4 and TGF-β had strong stimulatory effect 
on the expression of YKL-39 in macrophage cultures 
[28]. Nevertheless they reported that IFN-γ has inhibitory 
effect on the production of YKL-39 by monocyte-derived 
macrophages, which is in contrast with our results. The 
“classically” polarized macrophages or “M1” resemble to 
Th1 cells. Like Th1 cells they are considered pro-in- 
flammatory since they secrete proinflammatory cytokines 
and an array of cytotoxic molecules that help the clear- 
ance of invading pathogens and stimulate the acquired 
immune response. In our study, verifying the effect that 
LPS or IFN-γ individually exerts on YKL-39 and CHIT-1 
expression in undifferentiated monocytes, we found that 
while treatment with LPS was unable to enhance CHIT- 
1 expression, it started to induce YKL-39 expression 
after 2 h of treatment and went on over the time. Instead 
IFN-γ treatment enhanced YKL-39 expression at 2 h and 

reached the higher expression at 4 h. In contrast, IFN-γ 
was ineffective on CHIT-1 expression. These results sug- 
gest that monocytes recruited to the sites of chronic 
inflammation can be a source of YKL-39 themselves. 
Numerous evidences report the central role of CHIT-1 in 
the expanding spectrum of disorders suggesting that over- 
production of CHIT-1 could exert deleterious effect in 
many degenerative disorders [24]. This concept is also 
sustained by our previous findings in which we observed 
that genetic variation within the CHIT-1 gene was strongly 
associated with human longevity and with several phe- 
notypes of healthy aging [39], and that a functional poly- 
morphism in the CHIT-1 gene protects from NAFLD 
progression [40]. Alternative or “M2” macrophages, re- 
produce the Th2 response of T cells and are considered 
anti-inflammatory; they express an array of phagocytic 
receptors, anti-inflammatory cytokines and release prod- 
ucts that promote tissue regeneration and healing. Inter- 
estingly, in undifferentiated monocytes IL-4 treatment in- 
duced a significant increase on CHIT-1 expression, whereas 
was ineffective on YKL-39. As recently reported the pres- 
ence of several recognition sites for STAT-6 on CHIT-1 
promoter confirmed the up-regulation observed after treat- 
ment of macrophages with IL-4 [37]. In contrast, in the 
present study the in silico analysis of YKL-39 promoter 
sequences shows two STAT1 and two NF-κB binding site 
confirming and clarifying the YKL-39 induction during 
differentiation of macrophages into M1. Moreover, the 
finding of several recognition sites for NF-κB and STAT1 
in YKL-39 promoter confirms the up-regulation observed 
after treatment of macrophages with LPS and IFN-γ. 
Moreover, analyzing the CS and MS we found sequences 
for STAT1 (induced by IFN-γ) and sequences for NF-κB 
(induced by LPS), with a higher CS and MS for the per- 
fect match. In contrast there are recognition sites for IL4 
in positive strand showing CS and MS very low. The 
lack of YKL-39 expression in undifferentiated mono- 
cytes IL-4-treated and in M2 polarized macrophages in- 
dicated that the function of these chitinase is much more 
restricted and selective than that exerted by CHIT-1. In 
conclusion the findings presented here confirm that cer- 
tainly YKL-39 has a crucial role as an inducer of im- 
mune responses related to arthritis. On the contrary, the 
hypothesis that YKL-39 might serve as a useful bio- 
marker to detect macrophage-specific response in pa- 
thologies like tumor, atherosclerosis and Alzheimer dis- 
ease must be accepted with prudence. Further investiga- 
tions are indispensable to pinpoint the biological activity 
of YKL-39 in inflammation and degenerative diseases. 
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