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Abstract Macrophages as a principal component of
immune system play an important role in the initiation,
modulation, and final activation of the immune response
against pathogens. Upon stimulation with different cyto-
kines, macrophages can undergo classical or alternative
activation to become M1 or M2 macrophages, which have
different functions during infections. Although chitotrios-
idase is widely accepted as a marker of activated macro-
phages and is thought to participate in innate immunity,
particularly in defense mechanisms against chitin con-
taining pathogens, little is known about its expression
during macrophages full maturation and polarization. In
this study we analyzed CHIT-1 modulation during mono-
cyte-to-macrophage maturation and during their polariza-
tion. The levels of CHIT-1 expression was investigated in
human monocytes obtained from buffy coat of healthy
volunteers, polarized to classically activated macrophages
(or M1), whose prototypical activating stimuli are inter-
feron-y and lipopolysaccharide, and alternatively activated
macrophages (or M2) obtained by interleukin-4 exposure by
real-time PCR and by Western blot analysis. During mono-
cyte—-macrophage differentiation both protein synthesis and
mRNA analysis showed that CHIT-1 rises significantly and
is modulated in M1 and M2 macrophages.Our results dem-
onstrated that variations of CHIT-1 production are strikingly
associated with macrophages polarization, indicating a dif-
ferent rule of this enzyme in the specialized macrophages.
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Introduction

Macrophages play a crucial role in regulating the initiation,
amplification, and resolution of innate immune responses.
Several diseases including atherosclerosis, diabetes, cancer,
and rheumatoid arthritis are associated with a deficiency or
alteration in macrophage function [1]. Macrophages are a
heterogeneous population of cells that exhibit a wide range
of functions depending on their physical location, as well as
external cues received from the tissue microenvironment
[1, 2]. In this context, it is essential to distinguish between
the processes of “macrophage differentiation” and “mac-
rophage polarization.” The term “macrophage differentia-
tion” describes the changes that occur after monocytes
have entered the arterial wall and transform from free
floating, spherical cells into adherent cells of irregular
shape that take up antigen and migrate within the arterial
wall. The term “macrophage polarization” describes the
propensity of fully differentiated macrophages to respond
to external stimuli by changing their phenotypic and func-
tional characteristics. The M1 or “classically” polarized
macrophages are the most commonly described subset of
macrophages. These macrophages are activated by pro-
inflammatory cytokines and pathogen-associated molecu-
lar patterns that result in stimulation of pattern
recognition receptors including the family of TLRs. The
“M1 macrophages” produce a plethora of proinflamma-
tory cytokines such as IL-1B, IL-6, IL-8, or TNF-a, and
an array of cytotoxic molecules that aid in the clearance
of invading pathogens and stimulate the acquired immune
response.
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Human chitotriosidase (CHIT-1), a phagocyte-specific
chitinase, is thought to play an important role in the mam-
malian innate immune response against fungi, bacteria, and
other pathogens [3, 4]. CHIT-1 is selectively expressed and
highly regulated in activated macrophages and it is also
present in human neutrophil specific granules which release
it upon stimulation [5]. As a result CHIT-1 activity is cur-
rently used as a biochemical marker of macrophage acti-
vation in some lysosomal diseases. The sources of secreted
chitotriosidase was first described in abnormal lipid-laden
macrophages formed in tissues of Gaucher disease patients
[6]. Gaucher cells can be classified as a variation of alter-
natively activated macrophages; they express CD68, C14,
HLA class II, CD163, CCL18, and IL-1-receptor antagonist,
but do not express CD11b, CD40, and proinflammatory
cytokines such as TNF-a and MCP1 [7]. Subsequently the
levels of this enzyme was found to be elevated in other
pathological conditions including [-thalassemia [8],
sarcoidosis [9], multiple sclerosis [10], and in parasitic
infections such as Plasmodium falciparum malaria [11].
Interestingly, other investigations have suggested that
CHIT-1 could have a crucial role even in pathological
conditions, such as atherosclerosis, coronary artery disease
[12], acute ischemic stroke [13], cerebrovascular dementia,
and Alzheimer’s disease [14]. Furthermore, it has been
shown that CHIT-1 may be involved in the progression of
nonalcoholic steatohepatitis [15, 16]. Overall, these data
underline the idea that CHIT-1 acts as an important factor in
inflammation [17]. A 24-bp duplication in exon 10 in the
CHIT-1 gene activates a cryptic 39 splice site in the same
exon, generating an abnormally spliced mRNA with an in-
frame deletion of 87 nucleotides. The spliced mRNA
encodes an enzymatically inactive protein that lacks an
internal stretch of 29 amino acids; the resulting phenotype is
an asymptomatic Chit activity deficiency. A mild enzymatic
activity has been detected in heterozygous subjects for the
duplication [18]. Recently it has been found that this com-
mon natural genetic variation within the CHIT-1 gene was
strongly associated with human longevity and was also
associated with several phenotypes of healthy aging [19]. It
was shown that genetic variants of this allele, severely
compromising chitotriosidase activity, correlate with a
higher risk for Gram-negative infection in children under-
going therapy for acute myeloid leukemia [20].

Although several reports indicated the stimulatory effect
of proinflammatory stimuli on CHIT-1 expression [21],
little is known about its expression during macrophages
full maturation and polarization. In order to deepen the
possible roles of CHIT-1 in the immune system we ana-
lyzed CHIT-1 modulation during monocyte-to-macrophage
transition and during polarization of the primary human
macrophage into classically activated (M1) macrophages
and alternative activated (M2) macrophages.

@ Springer

Materials and Methods
Cells

Human monocyte-derived macrophages were isolated from
fresh buffy coat of healthy volunteers as previously described
[22]. The buffy coat were diluted with phosphate-buffered
saline (PBS) supplemented with 2.5 mM EDTA and layered
onto Ficoll-Hypaque gradients (Gibco, Invitrogen, Milan,
Italy). After 30 min of centrifugation at 400x g at room tem-
perature, the mononuclear cells were collected, washed twice
with PBS, and placed in plastic Petri dishes at a concentration
of 1 x 10°=2 x 10° cells/cm surface areas in Iscove’s med-
ium supplemented with 2 mM glutamine, and 50 mg/ml of
penicillin/streptomycin. After 2 h incubation, the non-adher-
ent cells were washed out using PBS. The adherent cells
(monocytes) were cultured in Iscove’s medium supplemented
with rHuman M-CSF 5 ng/ml (Peproteck, BDA, Italy), 10 %
fetal bovine serum (FBS), 2 mM glutamine, and 1 % of
penicillin/streptomycin (Invitrogen, Milan, Italy).

Macrophages 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 (Invitro-
gen), and 5 ng/ml M-CSF in Petri dishes at a density
1 x 10°-2 x 10° cells/cm®. Macrophage polarization was
obtained as previously described [23]. Briefly, macrophage
polarization was obtained by removing the culture medium
and culturing cells for an additional 18 h in RPMI 1640
supplemented with 5 % FBS and LPS (50 ng/ml) plus IFN-y
(100 pg/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
TO), cells at intermediate differentiation (3 days of culture:
Mono T3), resting fully differentiated macrophages (7 days
of culture: Macrophages), classical activated macrophages
(M1), and alternative activated macrophages (M2) (Fig. 1a).
Macrophage polarization was confirmed by real-time PCR
for two M1 markers (TNF-a and CXCL11) and two M2
markers (CCL18 and CD206) (Fig. 1a).

Gene Expression Analysis by Real-Time PCR

Total RNA was extracted from cells using TRIzol reagent
(Invitrogen, Milan, Italy). For reverse transcription-poly-
merase chain reaction (RT-PCR), 2 pg of total RNA was
reverse-transcribed with high-capacity ¢cDNA Reverse
Transcription Kit (Applied Biosystems, Monza, Italy) in a
20 ml reaction solution. Real-time fluorescence PCR,
based on SYBR Green, was carried out in a 30 ml
final volume containing 1 SYBR Green PCR Master Mix
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Fig. 1 a Real-time PCR confirming macrophage polarization per-
formed for two M1 markers (TNF-o0 and CXCL11) and two M2
markers (CCL18 and CD206). Statistical analysis was performed by
Student’s ¢ test. b Microphotographs of monocytes during differen-
tiation and polarization into macrophages and analysis by cytofluo-
rimeter of marker CD68. The monocytes (Mono TO0) have a spherical

appearance with prominent surface ruffles and blebs and 9—-15 pm of
diameter. In the differentiated macrophages, the diameter (20-25 pm)
and number of cytoplasmic granules increase. Both the classical
activated macrophages (M1) and the alternative activated macro-
phages (M2) show a similar morphology to differentiated
macrophages
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(Applied Biosystems, Monza, Italy), 200 nM forward and
200 nM reverse primers (Table 1), and 20 ng of cDNA.
Thermal cycling was performed for each gene in triplicate
on cDNA samples in MicroAmp Optical 96-well reaction
plate (Applied Biosystems, Monza, Italy) with MicroAmp
optical caps (Applied Biosystems) using the ABI PRISM
7700 sequence detection system (Applied Biosystems,
Monza, Italy). Amplification was carried out with the fol-
lowing conditions: 50 °C for 2 min, 95 °C for 10 min, and
40 cycles each of 95 °C for 15 s and 60 °C for 1 min. Data
are presented as mean % £SD of at least three independent
experiments. Differences were analyzed by Student ¢ test,
with p < 0.05 being considered statistically significant.

Western Blot

Cells were harvested by trypsinization, and total proteins
were extracted using a cell lysis buffer. The lysates were
collected for Western blot analysis. Protein levels were
visualized by immunoblotting with antibodies against
human CHIT-1(R&D systems-DBA-ITALY). Briefly,
20 pg of lysate supernatant was separated by SDS/poly-
acrylamide gel electrophoresis and transferred to a nitro-
cellulose membrane (Amersham, Milan, Italy) using a
semidry transfer apparatus (Bio-Rad, Hercules, CA). The
membranes were incubated with 5 % milk in 10 mM Tris—
HCI (pH 7.4), 150 mM NacCl, and 0.05 % Tween 20 (TBST)
buffer for 1 h at room temperature with constant shaking.
After washing with TBST, the membranes were incubated
with a 1:2,000 dilution of anti-CHIT-1 or anti-Beta Actin
(Abcam) antibodies at 4 °C overnight. The filters were then
washed and probed with horseradish peroxidase-conjugated
donkey anti-rabbit IgG (Amersham) at a dilution of 1:2,000.
Chemiluminescence detection was performed with the
Amersham ECL Detection Kit according to the manufac-
turer’s instructions.

Flow Cytometry

Flow cytometric measurements were performed using a
four color FacsCalibur (BD Biosciences, San Jose, CA).

Table 1 Primer pairs used in real-time PCR analysis

Cells were fixed and permeabilized using Cytofix/Cyto-
perm Kit (BD Biosciences, San Jose, CA), as per manu-
facturer’s instruction. Intracellular staining for CD68 was
performed using PE-conjugated mouse anti-human CD68
(BD Biosciences, San Jose, CA). Data were analyzed using
Cyflogic software, version 1.2.1

Immunofluorescence

Cells were grown directly on coverslips before indirect
immunofluorescence. After washing with PBS, cells were
fixed in methanol-acetone (1:1) for 10 min at —20 °C and
were then washed three times for 5 min each in PBS.
Subsequently, coverslips were incubated with the primary
antibody anti-chitotriosidase (sc-99033; Santa Cruz Bio-
technology, Santa Cruz, CA, USA), diluted 1:300 in PBS
containing 0.1 % Tween 20 and 1 % BSA) overnight at
+4 °C. Cells were washed as above before incubation with
the goat anti-rabbit secondary antibody, DyLightTM 488
conjugated (Thermo Scientific, Rockford, IL, USA), dilu-
ted 1:500 in PBS and 0.1 % Tween 20 and 1 % BSA, then
washed once more as above. Finally, coverslips were
mounted on microscope slides with UltracruzTM anti-fade
medium containing 4’,6-diamidino-2-phenylindole (DAPI)
(Santa Cruz Biotechnology).

Microphotography

Microphotography was done with Optika microscope
XDS1R (OPTIKA Microscopes, Italy), OPTIKAM pro 3
LT digital camera (OPTIKA Microscopes, Italy), and
software (OPTIKA Microscopes, Italy).

Statistical Analysis

Data are expressed as mean + standard error (SE). Sig-
nificance was assessed by one-way analysis of variance
(ANOVA). P < 0.05 was considered to be statistically
significant.

Genes Forward Reverse Product size Cycles
CHIT-1 ACCCTGTTAGCCATcGGAGCTGG TGCACAGCAGCATCCACCTTGAGG 470 25
CD206 AAGGCGGTGACCTCACAAG AAAGTCCAATTCCTCGATGGTG 47 30
CCL18 CTCCTTGTCCTCGTCTGCAC TCAGGCATTCAGCTTCAGGT 248 30
CXCL11 GCCTTGGCTGTGATATTGTG TGATTATAAGCCTTGCTTGCTTCG 234 30
SOD2 GCTGACGGCTGCATCTGTT CCTGATTTGGACAAGCAGCAA 100 30
TNF-o AGCCCATGTTGTAGCAAACC TGAGGTACAGGCCCTCTGAT 134 30
GAPDH CTGCACCACCAACTGGAGGCTGG AGGTCCACCACTGACACGTT 272 30
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Results

Levels of TNF-a and Superoxide Dismutase (SOD2)
During In Vitro Differentiation and Polarization
of Peripheral Blood Monocytes

In order to verify that monocytes/macrophages were not
activated during differentiation, we detected the transcrip-
tional levels of TNF-a and superoxide dismutase SOD2.
During the first 7 days of differentiation, the levels of both
TNF-o and SOD2 were significantly down regulated,
confirming a non-activation of the monocyte. In particular,
the decrement of TNF-o expression varied from 50 %,
during the first 5 days, to 80 % on the 7th day (p = 0.015)
whereas SOD2 levels ranged from —70 to —68 % on the
7th day (p = 0.005) (Fig. 2a, b). In contrast, the polariza-
tion of macrophages in M1 induced by LPS (50 ng/ml) and
IFN-y (100 pg/ml) resulted in an increase of both TNF-a
and SOD2 expression (1,550 %, p = 0.009; 119 %,
p = 0.006; respectively) (Fig. 2a, b).

Differential mRNA Expression of CHIT-1 During
In Vitro Differentiation and Polarization of Peripheral
Blood Monocytes

The modulation of CHIT-1 expression was investigated
using quantitative real-time RT-PCR on the primary human
monocyte-to-macrophage maturation and subsequent
polarization into M1 or M2 cells. The trend of CHIT-1
mRNA expression during the differentiation of monocytes
into macrophages and subsequent macrophages polariza-
tion into M1 and M2 underwent significant changes. In the
first 3 days of culture no significant variations were
observed (56.68 %) compared to the day O (Fig. 3).
Whereas at 5th day an increase of 1,412.15 % (p = 0.04)
was observed compared to the day O (Fig. 3). On the 7th

TNF-u
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Ts Mo M, M,

Fig. 2 Real-time PCR confirming the non-activation of the mono-
cyte/macrophages. a Variation of TNF-o expression and b SOD2
expression on monocyte/macrophages at day 0, 3, 5, 7 M @),
classical activated macrophages (M1), alternative activated macro-
phages (M2). All RT-PCR values are given as ACt values, which

day, when monocytes were completely differentiated into
macrophages as confirmed by cytoflorometric data
(Fig. 1b), CHIT-1 levels increased by 1,475 % in com-
parison with day 0 (p = 0.0017). As MI1 polarization
occurred, CHIT-1 expression increased by 562.50 % as
opposed to the day O, but in comparison with day 7 it
decreased significantly (57.93 %, p = 0.012). Concerning
CHIT-1 expression in M2, it rose by 651.90 % compared to
the day O macrophages and, in comparison with day 7, a
reduction of 52.25 % (p = 0.011) was detected (Fig. 3).
Although CHIT-1 levels were lower in M2 compared with
macrophages at 7 days, its levels were higher than Ml
macrophages. Our analysis showed that macrophage dif-
ferentiation and polarization were characterized by distinct
patterns of CHIT-1 expression (Fig. 3).

Differential Protein CHIT-1 Synthesis During In Vitro
Differentiation and Polarization of Peripheral Blood
Monocytes

In order to assess whether the increase in CHIT-1 mRNA
was associated with the elevation in CHIT-1 protein,
Western blot analysis was performed on cell lysates
obtained from the primary human monocyte-to-macro-
phage maturation and subsequent polarization into M1 or
M2 cells. Using CHIT-1 antibodies that recognize both
human and rat CHIT-1 protein, we demonstrated that
macrophage differentiation and polarization were charac-
terized by distinct patterns of CHIT-1 protein synthesis.
In the first 3 days of culture no significant variations
were observed compared to the day 0 (5.53-fold increases)
(Fig. 4a). On the contrary, at 5th day an increase of 8.47
fold was observed compared to the day O (Fig. 4a). On the
7th day, CHIT-1 levels increased by 14.87 fold p = 0.001
(Fig. 4a) in comparison with day 0 (p = 0.001). As Ml
polarization occurred, CHIT-1 protein level declined by
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correspond to the difference of the maximum number of RT-PCR
cycles (40) and the value obtained for each individual sample.
Statistical analysis was performed by Student’s ¢ test. *P < 0.05;
**p < 0.001 of differentiated or polarized cells versus day O cells

@ Springer



244

Cell Biochem Biophys (2013) 66:239-247

20 4

=y
o
L

(QRT-PCR)
)

Relative mRNA expression

T; T Ts Md M, M,

Fig. 3 Real-time PCR of CHIT-1 expression during human mono-
cyte/macrophages differentiation and polarization. TO, T3, T5
(monocyte/macrophages at day 0, 3, 5); M ® 7 (macrophages at
day 7), M1 classical activated macrophages, M2 alternative activated
macrophages. All RT-PCR values are given as ACt values, which
correspond to the difference of the maximum number of RT-PCR
cycles (40) and the value obtained for each individual sample.
Statistical analysis was performed by Student’s 7 test. *P < 0.05 and
**p < 0.001 of differentiated or polarized cells versus day O cells

8.68 fold relative to day 7. Regarding M2 macrophages,
CHIT-1 expression rose by 10.90 fold compared to the day
0 macrophages, but in comparison with day 7 a reduction
of 3.97 fold was detected. Quantitative evaluation of
CHIT-1 protein was measured by scanning densitometry. A
similar amount of B-actin proteins was observed during the
different stages of macrophages differentiation. These
results confirmed that CHIT-1 enhancement is a mecha-
nism operant with macrophages differentiation and
polarization.

Chitotriosidase Distribution

The expression of chitotriosidase in macrophages at 3, 5,
and 7 days of culture was evaluated by immunofluores-
cence analysis (Fig. 4b). Many cells showed a character-
istic distribution pattern, the immunostaining signal being
mainly localized in the inner margin of the cell. Moreover,
many cells at 7 days of culture showed a chitotriosidase
immunolabeling mainly concentrated in a spotted budding
area at plasmalemma level.

Effect of LPS and IFN-y on the Expression of CHIT-1
in Monocytes

In order to verify the action carried out by LPS (50 ng/ml)
and IFN-y (100 pg/ml) on the expression of CHIT-1, we
treated monocytes at different time points (2, 4, 8, and
24 h) maintaining the concentration used for the polariza-
tion in M1. We found that the treatment with LPS did not
induce significant increases in the CHIT-1 expression at 2
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and 24 h (15 %). In contrast the treatment with IFN-y
enhanced the expression of CHIT-1 at 2 and 24 h (59 %,
p =0.04 and 58 % p = 0.04) compared to the control.
These results confirmed the decrement of CHIT-1 expres-
sion in M1 polarized macrophages compared with mono-
cyte at 7 days (Fig. 5).

Effect of IL-4 on the Expression of CHIT-1
in Monocytes

In order to check the progress of CHIT-1 expression under
induction by IL-4, we treated monocytes at different time
points (2,4, 8, and 24 h) with the same concentration used for
the polarization of macrophages in M2. After 2 and 4 h, we
found that the expression levels underwent a significant
increase (430 and 447.46 %, respectively, withap = 0.0034
and p = 0.0079), showing thereafter at 24 h a significant
decrease (82.35 %, p = 0.02). The data confirmed the
behavior observed during the polarization of macrophage
toward M2. The capability of macrophage M2 to attack
pathogenic organisms provided with coatings of chitin
would explain the increase of the messenger during the first
hours of treatment (Fig. 6).

Discussion

The results reported here show for the first time that CHIT-
1 expression during the differentiation of monocytes into
macrophages and subsequent macrophages polarization
into M1 and M2 undergoes significant changes. Macro-
phages are a heterogeneous population of cells that exhibit
a wide range of functions depending on their physical
location, as well as external cues received from the tissue
microenvironment [1, 2]. Moreover, differentiated and
polarized macrophages are accompanied by important
changes in gene expression as demonstrated in a tran-
scriptome analysis [24]. Our results show that during the
effective maturation of monocytes into macrophages,
CHIT-1 levels exponentially increase by the over time,
showing a peak of expression between the fifth and the
seventh day of culture. Therefore, the detection of CHIT-1
is particularly elevated in the later inflamed stages.
Numerous evidences report the central role of CHIT-1 in
the expanding spectrum of disorders ranging from granu-
lomatous disease such as sarcoidosis [9] to a large amount
of infections including mycobacterial diseases such as
tuberculosis [25, 26] and leprosy [27]. In this contest, a
great attention must be given to the fact that this enzyme is
produced by differentiated macrophages themselves,
products from these cells can also be damaging to host
tissues and are implicated in the progression of a number of
chronic inflammatory diseases. Additionally, our finding
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Fig. 4 a Western blot analysis
of CHIT-1 expression during
human monocyte/macrophages
differentiation and polarization.
Monocyte/macrophages at day
0,3,5 7M ®), MI classical
activated macrophages, M2
alternative activated
macrophages. Level of CHIT-1
protein normalized to beta-
actin. Statistical analysis was
performed by Student’s 7 test.
*P < 0.05 and **p < 0.001 of
differentiated or polarized cells
versus day O cells.

b Immunofluorescence analysis
of chitotriosidase (green) in
macrophages at 3, 5, and 7 days
of culture. Most of the cells in
T5 and T7 immunostaining for
chitotriosidase show a
characteristic distribution
pattern, the signal being
localized in the inner margin of
the cell with a characteristic
spotted pattern at plasma
membrane level (panelT7 b,
arrows). Blue represents DAPI
nuclear counterstain. Scale bar
15 pm (Color figure online)
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Fig. 5 Detection of CHIT-1 mRNA level by real-time RT-PCR in
M1 classical polarized macrophages, untreated and treated for 2, 4, 8,
and 24 h with LPS (50 ng/ml) or IFN-y (100 pg/ml). Statistical
analysis was performed by Student’s ¢ test; *p < 0.05 of treated cells
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Fig. 6 Detection of CHIT-1 mRNA level by real-time RT-PCR in
M2-alternative polarized macrophages, untreated and treated for 2, 4,
8, and 24 h with IL-4 (20 ng/ml). Statistical analysis was performed
by Student’s ¢ test; *p < 0.05, of treated cells versus control
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demonstrating that the variations of CHIT-1 production are
associated with the macrophages polarization indicates a
different rule of this enzyme in the specialized macro-
phages. Overproduction of CHIT-1 exerts deleterious
effect in many degenerative disorders [14—16]. This con-
cept is also sustained by our recent findings in which we
observed that genetic variation within the CHIT-1 gene
was strongly associated with human longevity and with
several phenotypes of healthy aging [19], and that a
functional polymorphism in the CHIT-1 gene protects from
NAFLD progression [28]. Inflammatory and healing mac-
rophages play key roles in the induction and resolution of
inflammation and are a key target population for treating
common inflammatory disorders such as inflammatory
bowel disease, rheumatoid arthritis, and atherosclerosis. In
the light of these findings the possibility of dampening
inflammation and enhancing resolution by regulating
CHIT-1 expression is an attractive one. In our study, ver-
ifying the effect that LPS or IFN-v individually exerts on
mRNA CHIT-1 expression, we found that treatment with
LPS did not induce significant changes in CHIT-1 levels,
instead IFN-y enhanced CHIT-1 levels. Previously we
reported that IFN-y and LPS induced the expression of
CHIT-1 in monocyte-derived macrophages [21]. This dif-
ference on CHIT-1 expression may depend on the time of
CHIT-1 detection during the maturation state of the
monocyte or macrophage and paradoxically confirm the
long-range contribution exerted by CHIT-1 operant with
macrophages differentiation and polarization. Macro-
phages at the different stages of differentiation have a
plastic gene expression profile that is influenced by the
type, concentration, and longevity of exposure to the
stimulating agents [29]. Many of these activities appear to
be opposing in nature: pro- versus anti-inflammatory
effects, immunogenic versus tolerogenic activities, and
tissue destruction versus tissue repair [29]. The proin-
flammatory properties of classically activated M1 macro-
phages directed to promote inflammation and kill the
invading pathogens are in clear contrast with the anti-
inflammatory activities of alternatively activated M2
macrophages, which provide regulatory signals to protect
the host from a plethora of inflammatory responses [29,
30]. Interestingly, in our MO monocytes IL-4 treatment
induced a significant increase on mRNA CHIT-1 expres-
sion. The Th2 cytokine IL-4 promotes immune responses
to parasites. This finding set straight why CHIT-1 increased
secretion is closely associated with pathophysiological
conditions dominated by T-helper type 2 cells including
infections with fungal pathogens and malaria parasites,
fibrosis, allergy, and asthma [31]. Additionally, IL-4 is
well-appreciated antagonist of the M1 response and mac-
rophage pro-inflammatory properties [29]. IL-4 can also
promote fibrosis through TGFB production [30].
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Importantly, IL-4 also activates PPAR-y [32] and PPAR-$
[33] to promote monocyte/macrophage alternative activa-
tion. Of interest, IL-4 promotes a M2 phenotype in
regressive atherosclerotic lesions [34], providing in such a
way a potential explanation of chitotriosidase activity
associated with the presence of atherosclerosis [12]. Nev-
ertheless, since macrophages are paradoxically involved in
both generation of fibrosis and its resolution and since M2
polarization generates a positive feedback loop during
resolution of inflammation, it is unclear what are the events
influencing M2 differentiation and interrupting tissue
repair/remodeling as well fibrotic outcomes. This finding
could support the idea that increased levels of CHIT-1 in
this stage could be involved in the modulation of the
extracellular matrix affecting cell adhesion and migration
during the tissue remodeling processes that take place in
fibrogenesis [15, 16]. These same fibrotic changes occur
over time in the lung fibrosis as a result of chronic and
acute inflammation. Moreover, it has been suggested that
chitinases play a role in tissue remodeling responses in
models of infection and Th2-driven inflammation [35]. We
thus forecast that chitinase inhibition might have beneficial
effects on the expression of genes associated with tissues
remodeling. In conclusion, our results further confirm that
CHIT-1 is up-regulated in response to inflammatory stimuli
in innate response but, as macrophages shift toward the
MI1-M2 phenotype, CHIT-1 become involved in phago-
cytosis, bacterial killing, and initiation of the adaptive
immune response. Moreover, since M2 cells scavenge
debris, phagocytize apoptotic cells after inflammatory
injury, and orchestrate tissue remodeling and repair
through the production of extracellular matrix proteins, the
findings presented here emphasize that CHIT-1 may exert
an additional role during Th2-driven immune response. In
conclusion, these new findings on CHIT-1 expression
during the diverse stages—maturation and polarization of
monocyte/macrophages underscore that CHIT-1 can be
regarded not only as a marker of macrophages activation
but also as an important regulator of the immune and of
inflammatory functions. Additionally, our study confirms
that CHIT-1 overexpression could be deleterious in some
disorders and open the indication for further investigations.
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