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RELAZIONE:  
 

BACKGROUND AND AIM:  

Evidence from research increasingly supports the idea that the immune system is 

plastic, and its functioning can be directly influenced by external factors such as 

lifestyle – the environment - and social interactions. Similar to languages, the immune 

system is the mean by which organisms gain information about their surroundings and 

decide whether the immediate environment is conducive to their further development 

or deleterious to their survival. Previous research by the Prof D’Acquisto, have already 

explored the effects of positive emotional state on the inflammatory response and 

identified the cellular mechanisms and the molecular signature associated with these 

effects (Brod et al., 2017). Using the enriched environment (EE; see panel on the right) 

as experimental models in which welfare is enhanced compared to a ‘normal’ 

environment (NE; see panel on the left), has been seen that a period as short as two 
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weeks is sufficient to modulate the ability of the host to deal with bacterial infections. 

EE mice showed a significantly reduced number of blood circulating pathogens 

compared to NE mice when infected with E Coli. To explain this in simple terms, mice 

that were housed in conditions that were more stimulating and, at the same time, less 

stressful – showed an improved ability to kill bacteria and to recover from infections. 

These positive effects of an enriched environment on the immune system were 

associated with specific changes in blood cellularity as well as changes in specific 

genes. More specifically, the blood of EE mice showed an increased expression of 

Chil1 (Chitinase-3- like protein 1, CHI3L1), SRBP1A (Signal-regulatory protein 

beta1A), S100A8 and S100A9. These genes have been christened “Immuno-Wellbeing 

Genes” in light of their ability to increase the capacity of the immune system to fight 

an infection and to sustain a protective inflammatory response. CHI3L1 is serum 

protein predominately released by activated macrophages, neutrophils, endothelial 

cells, and astrocytes. Increased circulating levels of CHI3L1 have been detected during 

sepsis (Kornblit et al., 2013), and inflammatory bowel disease (Kamba, Lee, & 

Mizoguchi, 2013), suggesting that it plays a role in mediating inflammation. 

Supporting this hypothesis, CHI3L1 secretion is increased by leukocytes upon 

stimulation by inflammatory cytokines. Interestingly, CHI3L1 has also been shown to 

downregulate cellular responses to the same cytokines, indicating that CHI3L1 may be 

part of a feedback control mechanism regulating against an excessive inflammatory 

response. While the exact physiological role of CHI3L1 is under ongoing research, 

studies have demonstrated its involvement in a range of immunological processes 

including apoptosis, inflammasome activation, M2 macrophage differentiation, TGF-

β1 release, dendritic cell activation, and MAPK and Akt signalling. Although the role 

of CHI3L1 in inflammatory processes and in various pathologies is widely recognized, 

the guiding idea of this study is that the “boost” of these pathways can be useful in 

different pathological conditions such as in case of both systemic sepsis as well as local 

infections or however, all those situations where “a more effective” action of the 

immune system is required. Therefore the aim of this study is to identify possible 

synthetic agonists and to evaluate their in vitro effects on the inflammatory response 

and on immune cells functionality. Once a commercial library of synthetic CHI3L1 
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agonists was identified, the two compounds with greater affinity, were chosen based 

on molecular docking data. Therefore these two compounds with the trade name of 

BDH and LAS, were tested to compare their chemical-physical properties, and LAS 

was shown to have the best solubility, and was therefore chosen as an agonist to use in 

this study. Thus, the specific aims of this research project were: 

1) Identify a CHI3L1 agonist on the basis of its chemical-physical and bio-

compatibility properties 

2) Evaluate the effects of the inflammatory response in a “complex ex vivo” system 

3) Evaluate the effects on immune cell function by phagocytosis assays 

4) Evaluate the effects on immune cell function by chemotaxis assays (data not 

show) 

5) Identify and propose an action mechanism for the selected agonist(data not 

show) 

 

 

Methods:  

Cytotoxicity: 

The cytotoxicity of the two compound LAS  and BDH  was tested using AlamarBlue™ 

Cell Viability Reagent, (Invitrogen™, Thermo Fisher Scientific, UK). Two different 

cell types were used, a murine macrophage cell line, RAW 264.7 and a THP-1 a human 

leukemia monocyte cell line. Briefly, 5x103 cells were seeded in appropriate medium 

in a 96 well plate. The cells were then incubated at 37 °C for 24 and 48 hours, with 

different concentrations (0,01µM; 0,1µM; 1µM; 10µM; 100µM) of LAS and BD 

respectively. After according to the protocol provided by the manufacturer AlamarBlue 

(1:10) was added on each well, and fluorescence have been read using a Fluorescence 

plate reader (FLx800; Biotek). Pure media was used as blank. Percentage of the cell 

vitality was calculated as the difference between treated and control cells. 
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Whole blood: 

Whole blood experiments were performed using whole blood samples from healthy 

donors. In brief, blood drawn by finger prick was immediately distributed 

into Microvette® containing K3 EDTA, 20µl of whole blood were diluted with 80 

µl of RPMI 1640 medium (w/o serum and antibiotics)   

 

Inflammatory response in whole blood:  

 

Blood samples obtained as described above they were stimulated with LPS to evaluate 

the inflammatory response. A dose response curve was made using LPS 100 ng\ml, 10 

ng\ml, 1ng\ml, for 4, 8 and 24 hours. For the treatments with LAS, LAS at the 

concentration of 10µM, 1µM  and 0,1 µM, were added 30 min before the LPS 

stimulation. At the end of each time point cells were spun down at 500 × g for 5 min , 

and supernatants were collected for ELISA (TNF-a, IL-6, IL-8, IL-2).  

 

Phagocytosis: 
 
Blood samples obtained as described above. Separate phagocytosis experiments with 

the same donors were carried out at the same time with different live bacteria strains 

which were added at MOI of 100 and incubated at 37°C in 5% CO2 for 3 hrs.  At the 

end of phagocytosis incubation, 1 mg/ml of Gentamycin was added in each sample and 

incubated at 37°C in 5% CO2 for 1 hr. Then, cells were spun down at 500 × g for 5 

min, 50µl of lysis buffer (PBS + 0,1 % Triton X 100) was added and left to act for 10 

minutes at room temperature. Intracellular bacterial survival was valuated planting 

samples in agar plates quantifying CFU.  

Phagocytosis functional assay was also performed in THP-1 derivate macrophages 

cells and whole blood, with fluorescent beads. After THP-1 differentiation in 

macrophages by 48h exposure to 25nM phorbol 12-myristate 13-acetate (PMA, 

Sigma–Aldrich) in DMSO, the cells and whole blood sample, were incubated with 

fluorescent beads pHrodo™ Green E. coli BioParticles® Conjugate P35366 
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(Molecular Probes) for 1 h in serum-free RPMI at 37C, 5% CO2 (Schrijvers et al., 

2004). Cells were then washed three times with cold PBS to remove fluorescent beads 

that had not been internalized. Finally, macrophages were scraped from the plate and 

analyzed by flow cytometry, and by fluorescent microscopy. Phagocytosis assays were 

also performed with latex beads on RAW 264.7. 
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Results:  

Cytotoxicity 

The first step was to test possible cytotoxic effects in vitro using two different cell lines 

the human THP-1 cells and Murine macrophage RAW 264.7 cells. The cytotoxicity of 

the  compound LAS was tested using AlamarBlue™ Cell Viability Reagent, 

(Invitrogen™, Thermo Fisher Scientific, UK). As show in Figure 1, no cytotoxic effect 

for LAS has been seen both in THP-1 panel A, and in RAW 264.7 panel B. Instead a 

cytotoxic effect was observed for BDH at the highest concentration data not show. 

A       B 

AA 

 

 

 

 

 

 

 

Figure 1- No cytotoxic effect for LAS has been seen both in THP-1cells  panel A, and in RAW 
264.7 cells panel B 

 

 

Inflammatory response in whole blood 

As an “ex vivo” model that includes most of the immune cells involved in the 

inflammatory response, we first characterized the response of human whole blood to 

the stimulus as LPS. The set-up work identified the stimulation with LPS at a dose of 

100 ng\ml for 8 hours as the best experimental condition (Data not show). In fact in 

these conditions the maximum inflammatory response was observed as TNF-a an IL- 

6 production (Data not show). Therefore once the experimental condition was 
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identified, the LAS effect on the response to LPS was tested, in particular LAS at the 

concentration of 10µM, 1µM  and 0,1 µM, were added 30 min before the LPS 

stimulation (Data not show). 

Phagocytosis: 
 
The phagocytosis test with pathogenic live bacteria in whole blood, as previously 

described, highlighted the role of CHI3L1 in the phagocytosis process (Data not show). 

Phagocytosis functional assay was also performed in THP-1 derivate macrophages 

cells and whole blood, with fluorescent beads pHrodo™ Green E. coli BioParticles®. 

Figure 2 A show the FACS analysis of  whole blood pHrodo™ phagocytosis, also here 

once the best experimental conditions have been identified the LAS effects have been 

tested, incubating the whole blood with LAS for 30’min before performing the 

phagocytosis (Data not show). Figure 2 B show the image of live THP-1 derived 

macrophage on fluorescent beads pHrodo™ Green E. coli phagocytosis, these 

particular beads have the ability to emit fluorescence once phagocytosed and therefore 

in contact with the intracellular environment, as shown in the figure 2B an increase in 

phagocytosis has been observed following treatment with LAS. 

A 
 
 
 

 

 

 

B 

 

 

 

 

Figure 2- panel A show the FACS analysis of whole blood pHrodo™ phagocytosis, where the 

population of cells responsible for phagocytosis is identified based on fluorescence intensity. Panel 

Control  Control +pHrodo 

Control LAS  
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B shows the images of THp-1 derived macrophage, marked with DAPI in blue, during pHrodo 

phagocytosis, in green instead it is possible to identify the pHrodo particles phagocytosed per cell. 
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