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Abstract 

1,2-dihydro-4-hydroxy-2-oxo-1,8-naphthyridine-3-carboxamide derivative VL15 has been recently developed as a 

selective cannabinoid CB2 receptor compound. Given the high selectivity of this compound at the cannabinoid CB2 

receptor and the well-known protective function of this receptor in neurological disorders with autoimmune 

component like multiple sclerosis, we assessed the immunomodulatory properties of VL15. We assessed on 

activated peripheral blood mononuclear cells (PBMC), proliferation and viability, cell cycle progression and 

measured activation markers and the expression of phosphorylated proteins. We found that VL15 reduces PBMC 

proliferation slightly affecting cell vitality, blocks the cells cycle progression and down-regulates the levels of T cell 

activation markers as well as the expression of phosphorylated proteins, NF-kB, IKKαβ, IKBα, ERK and Akt. VL15 

was also used in drug-permeability assays on Caco-2 cell line to evaluate its oral bioavailability and on MDCKII-

hMDR1 cell lines to estimate its propensity to cross the blood-brain barrier by passive diffusion, in order to 

potentially maintain its efficiency on the infiltrating auto-reactive lymphocytes in the central nervous system (CNS). 

In these models, VL15 showed high intestinal absorption and good BBB penetration. Our findings suggest that 

VL15, by controlling the immune response, might find potential application as orally administered drug in 

pathologies like multiple sclerosis. 

 

 

Keywords: immunomodulation, intestinal absorption, blood-brain barrier diffusion, cannabinoid CB2 receptor, 1,8-
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1.1 Introduction 

Numerous studies have investigated the biological role of the endocannabinoid system (ECS) and its regulatory 

functions in health and disease. The ECS consists of the G-protein coupled cannabinoid receptors, the endogenous 

ligands anandamide (AEA) and 2-arachidonoylglycerol (2-AG), and the enzymes responsible for endocannabinoid 

biosynthesis, cellular uptake and metabolism. To date, two major cannabinoid receptors, CB1 and CB2 have been 

described [1, 2]. The CB1 receptor is preferentially expressed in the central nervous system (CNS) [3, 4, 5], the CB2 

receptor is predominantly expressed by immune cells [6], although some reports showed its presence in the CNS [7, 

8, 9]. Increasing reports suggest a major physiological function of the ECS in the regulation of bone growth [10], 

pain [11], cancer [12, 13], and psychiatric disorders [14]. ECS plays a role also in immune-mediated diseases of the 

CNS such as multiple sclerosis (MS), which results in focal areas of inflammation containing immune cell infiltrates 

and demyelination [15]. The beneficial effects of cannabinoid derived-drugs in MS have been reported [11, 16, 17]. 

In the brain, the anti-inflammatory and neuro-protective effects of cannabinoid receptor agonists have been 

demonstrated in animal models of MS, Alzheimer’s disease (AD), stroke and amyotrophic lateral sclerosis (ALS) 

[18, 19]. For example, in a viral model of MS, CB1 receptor agonists have been shown to reduce perivascular 

CD4+T lymphocytes infiltration, inhibit microglial responses and suppress the up-regulation of adhesion molecules 

in the brain endothelium [20]. However, the use of CB1 receptor agonists has a limited therapeutic potential [21] 

because many adverse psychoactive effects are mediated by the CB1 receptor, thus emerging proposals support as 

alternative strategy, to focus on selective CB2 receptor agonists because of their minimal binding to CB1 receptors 

and therefore devoid of psychotropic effects. Recently, new compounds like 1,8-naphthyridine derivatives [22, 23, 

24, 25, 26], endowed with higher CB2 affinity and selectivity versus CB1, have been developed. Some of these 

compounds showed pharmacological properties like inhibitory action on immunological human basophil activation 

[22, 23], anti-proliferative activity [26] and we recently demonstrated their effects on immune cells isolated from 

multiple sclerosis patients [27]. In a recent study, we showed that some 1,8-naphthyridine derivatives modulate the 

immune response but possess a medium intestinal absorption and blood-brain barrier (BBB) diffusion [28]. The use 

of CB2 receptor selective compounds showing immune-modulatory properties, might be of potential interest in 

neurological diseases with autoimmune component like multiple sclerosis (MS), especially if these drugs can 



4 
 

efficiently cross the BBB to elicit their effects on the auto-reactive cells of the CNS, since unrelated or not totally 

related to the CB1 mediated psycoactivity. In this study, we tested the potential immunomodulatory effects of 1,2-

dihydro-4-hydroxy-2-oxo-1,8-naphthyridine-3-carboxamide derivative VL15 [26] in human peripheral blood 

mononuclear cells (PBMC) isolated from healthy donors and its properties of diffusion in Caco-2 and MDCKII-

hMDR1 cell lines. Caco-2 cell line is cellular model of the intestinal epithelial barrier and MDCKII-MDR1 cell line 

was identified as a model for quality predictions of BBB passive diffusion, which was used to evaluate CNS 

penetration of CB1 antagonists [29]. Furthermore, some physico-chemistry properties were calculated for a better 

understanding of its ability to cross cell barriers. We have previously developed this compound on the basis of the 

1,8-naphthyridin-2(1H)-one scaffold and showed a remarkable CB2 receptor affinity and selectivity (Ki = 1.8 nM; 

Ki(CB1)/Ki(CB2) = 130), indeed we demonstrated CB2 receptor activity of this compound in tumor cell lines 

mediated by the CB2 receptor [26]. In this study, we show that VL15 exerts anti-proliferative effects associated with 

inhibition of the cytokine tumor necrosis factor (TNF) α, block of the cell cycle and down-regulation of T cell 

activation markers. Furthermore, VL15 reduces NF-kB, IKKαβ, IKBα, ERK, and Akt expression levels. Notably, 

VL15 shows higher intestinal absorption and BBB penetration by passive diffusion with respect to a previously 

tested compound [28]. Our data suggest the possible application of this compound as novel immune-suppressive and 

anti-inflammatory agent and its potential effects on the CNS. 

 

2.2 Materials and Methods 

 

2.2.1 Drugs 

1,2-dihydro-4-hydroxy-2-oxo-1,8-naphthyridine-3-carboxamide derivative, VL15 (N-cycloheptyl-4-hydroxy-1-(2-

morpholin-4-ylethyl)-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carboxamide) [26] and reference compounds (caffeine  

cimetidine and amprenavir) were dissolved in dimethyl sulfoxide (DMSO). The chemical structure of VL15 is 

reported in Fig.1. 

 

 

 

 

N N O

O

N
H

VL15

N

O

OH

Fig. 1



5 
 

 

 

2.2.2 Isolation of human PBMC 

At the University Hospital “Federico II” of Naples we recruited all volunteers that provided written informed 

consent in agreement with the Declaration of Helsinki to the research use of their residual buffy coats. We isolated 

PBMC from buffy coats of healthy donors as previously described [30]. For the experiments we used RPMI 1640 

(Life Technologies, Paisley, UK) supplemented with 2mM L-glutamine (Life Technologies), penicillin/streptomycin 

(Life Technologies), and 10% heat-inactivated FBS (Sigma Chemical Co., St Louis, MO, USA). 

 

2.2.3 Proliferation assays on human PBMC 

We cultured PBMC derived from healthy subjects (1x105 cells per well) in triplicate in round-bottomed 96-well 

plates in 200 µl of RPMI 10% FBS (final volume). We added human myelin basic protein (MBP) (10 μg/ml) 

(Sigma) to stimulate the cells. We added VL15 to the MBP-stimulated PBMC to get final concentrations of 0.3, 1, 3 

and 10 μM. Cells were incubated for 6 days and then were pulsed for 18 h with 1 μCi of 3H-thymidine (Amersham-

Pharmacia Biotech, Cologno Monzese, Milano, Italy). After the incubation, PBMC were harvested on glass-fiber 

filters using a Tomtec (Orange, CT) 96-well cell harvester, and counted in a 1205 Betaplate liquid scintillation 

counter (Wallac, Gaithersburg, MD).  

  

2.2.4 TNF-α production. 

After 48 h of incubation of PBMC activated with MBP in the presence and in the absence of VL15, we harvested 

supernatants from the cell cultures to analyze TNF-α release at concentration of VL15 of 10μM and 3 μM. Tests 

were performed by Human Fluorokine Multianalyte profiling (MAP) Base Kit (R&D system). 

 

2.2.5 Cell viability assays. 

In the presence and in the absence of VL15 at 10μM, we cultured PBMC with MBP (10μg/ml) in 24-well plates. 

After 6 days of incubation, PBMC were stained with trypan blue and counted by microscopy. 

 

2.1.6 Sulphorhodamine B cytotoxicity assay. 
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We evaluated as previously described [31] protein content and drug cytotoxicity by sulphorhodamine B assay. We 

cultured for 48 h Chinese hamster ovary (CHO) cells (2x104 cells per well) in the presence and in the absence of our 

drug. 

 

2.2.7 Flow cytometry assays. 

We analyzed cell cycle progression culturing for 6 days PBMC (1x106cells) with MBP (10 μg/ml) in the presence of 

the drug (10 μM) in 24-well plates. We stained with propidium iodide (PI) and processed as previously described 

[16]. 105cells from each experimental condition. Then, we analyzed T cell activation markers culturing the cells as 

above described. We stained 105 cells from each experimental condition with CD4-Cy-Chrome, CD69-PE, CD54 

(ICAM)-FITC, or CD4-Cy-Chrome and CD25-PE, CD49d (VLA-4)-PE, (BD–Bioscience) and incubated for 15 min 

in the dark at 4 ºC. We washed with PBS PBMC and acquired by flow cytometry.  Marker analysis was performed 

on the region of CD4+T lymphocytes and we compared marker expression in treated cells to that of activated and 

no- treated cells. We used the program Summit v4.3. (Dako) to perform the analyses. 

 

2.2.8 Electrophoresis and immunoblots. 

For the analysis of protein expression, we obtained cell extracts from the culture of MBP activated PBMC treated 

with VL15 (10 μM) for 6 days and processed the cells as previously done [32]. We used primary antibodies (1:1000) 

(host species: rabbit) specific for NF-kB p65 (Cell Signaling Technology Inc., Danvers, MA, USA), IKKα/β (Cell 

signalling), IKBα (Cell signalling), ERK (Cell signaling), Akt (Cell signalling) and their phosphorylated forms: 

pNF-kB p65 (Cell signalling), pIKKα/β (Cell signalling), pIKBα (Cell signalling), pERK (Cell signaling), and pAkt 

(Cell signalling). Specific proteins were immune-detected with horseradish peroxidase-conjugated donkey anti-

rabbit IgG (Bio-Rad, Life Science Research, Hercules, CA, USA), by enhanced chemiluminescence system (ECL) 

(Amersham GE Healthcare). We used actin (Santa Cruz Biotechnology Inc., anti-rabbit) as control. 

 

2.2.9 Statistical analyses 

Data obtained with assays performed with PBMC and CHO cells were analyzed by ANOVA followed by 

Bonferroni correction for multiple comparisons; the values statistically significant were P values < 0.05. 
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2.2.10 Caco-2 cellular permeability.   

Caco-2 cell line bought from European Collection of Cell Culture (ECACC) was used to test VL15 intestinal 

absorption. Dulbecco’s modified Eagle medium (DMEM), with 10% (v/v) fetal calf serum (FCS), 1% nonessential 

amino acids (NEAA), N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid (Hepes) buffer 10 mM and a 

combination of Penicillin (50 U/mL)- Streptomycin (50 µg/ml) was used to culture the cells that were split at 

confluence with trypsin. Millicell 24-well cell culture plates were used for transport assays. Cells (200,000 

cells/well) were incubated at 37 °C and 5% CO2 for 24 hours, after the incubation, the medium was changed with 

Enterocyte Differentiation Medium with additives (Becton Dickinson) to allow Caco-2 cells to differentiate within 

three days. The value of transepithelial electrical resistance (TEER) was >1000 , it was determined by a Millicell-

ERS ohm-meter (Millipore). The transport across the Caco-2 monolayer was evaluated from apical to basolateral 

side (AB) with the addition of a 10 M solution of VL15 or of  reference compounds (caffeine or cimetidine) in 

DMEM (1% final concentration of DMSO) to the apical side. The apical, the basolateral side solution and the 

starting solution were analyzed by LC-MS/MS after 2 hours of incubation at 37 °C, 5% CO2. Verapamil was used as 

internal standard. In order to better mimic the physiological conditions we performed the assays using buffers at 

different pH (6.5 apical vs. 7.4 basolateral).  

 

2.2.11 MDCK-MDR1 cellular permeability   

MDCKII-hMDR1 assay was used to test the capacity of VL15 to cross the BBB by passive diffusion. We purchased  

Madin Darby Canine Kidney cells stably transfected with the human MDR1 gene (MDCKII-hMDR1) by 

Netherlands Cancer Institute. Dulbecco’s modified Eagle medium (DMEM) with 10% (v/v) fetal calf serum (FCS) 

and a combination of Penicillin (50 U/mL)- Streptomycin (50 µg/ml), was used to growth the cells at 37 °C and 5% 

CO2. Once at confluence, cells were split using trypsin.  

Millicell 24-well cell culture plates (EMD Millipore, well cell diameter 12mm, filtration area 0.6 cm2) were used for 

transport studies to seed 100,000 cells/well. Millicell-ERS ohm-meter (Millipore) was used to measure TEER. 

Monolayers showing values of transepithelial resistance lower than 150 Ω x cm2 were not considered. The transport 

across the monolayer was evaluated from apical to basolateral side (AB) with the addition of a 10 M solution of 

VL15 or of reference compounds (caffeine or amprenavir) in DMEM Dulbecco’s Phosphate Buffered Saline 

(DPBS) (0.2% DMSO final concentration) to the apical side. The apical side solution, the basolateral side solution 
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and the starting solution were analyzed by LC-MS/MS after 1 hour of incubation at 37 °C, 5% CO2. Verapamil (0.1 

µM) was used as internal standard. 

 

2.2.13 Sample analysis 

To perform the analyses we used an UPLC (Waters) interfaced with a Premiere XE Triple Quadrupole (Waters). 

Mobile phases comprised 5% (v/v) acetonitrile in deionized water with 0.1% (v/v) formic acid (Phase A) and 5% 

(v/v) deionized water in acetonitrile with 0.1% (v/v) formic acid (Phase B). The column was Acquity BEH C18, 

50x1mm 1.7 µm at 50 °C with flow of 0.25 ml/min (for intestinal permeability) or of 0.6 ml/min (for BBB 

permeability) and volume injection of 5 µl. In Table 1 we reported the chromatographic method. 

 

Table 1. Chromatographic method 

Time (min) %A %B 

0 95 5 

0.10 95 <5 

0.15 0 100 

1.10 0 100 

1.15 95 5 

1.50 95 5 

 

Samples were analyzed in Multiple Reaction Monitoring conditions (MRM): electron spray ionization (ESI) 

positive, desolvation temperature 450°C, desolvation gas 900 l/h, cone gas 50 l/h, collision gas 0.22 l/h. In particular 

for D5 MRM: 394.19 → 281.01,394.19 → 109.05; Cone Voltage: 32V; Collision Energy: 22-40 eV. 

The apparent permeability coefficient (Papp) (nm x s-1), was calculated as follows: 

Papp = dQr/dt/ A × C0 

dQr/dt is the cumulative amount in the receiver compartment versus time; A the area of the cell monolayer; C0 the 

initial concentration of the dosing solution. 
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The mass balance, i.e. the percentage of the amount of compound found at the end of the experiment (sum of 

amount in the apical and basolateral chambers) in respect to the amount of compound added at the beginning of the 

experiment, has been calculated for the compound. Papp of compound showing mass balances less than 60% should 

be considered underestimated. Papp of compounds showing mass balances more than 140% should be considered 

overestimated. 

 

2.2.14 Calculated physicochemical properties 

Lipinski parameters, lipophilicity, solubility in water were calculated using QikProp 3.2 [33] Lipophilicity, and 

water solubility calculations were also carried out using the webbased tool ALOGpS 2.1. [34] Conformational 

searching using torsional sampling (MCMM) and energy minimization was carried out using the Macromodel 

module within Maestro modelling package [35] 

 

3.3 Results 

 

3.3.1 VL15 inhibits PBMC proliferation and TNF- α production. 

In order to assess the effect of our compound in immune cells, human PBMC were isolated from buffy coat of 

healthy donors. MBP activated PBMC were cultured with VL15 at concentrations ranging from 10 to 0,3 μM for 6 

days. MBP after 6 days of incubation induced proliferation of PBMC with respect to untreated cells (Fig. 2A) and 

the induced proliferative response was not affected by the vehicle, DMSO used to dissolve the drug (data not 

shown). VL15 inhibited MBP activated PBMC proliferation at 10 μM and 3 μM in a dose dependent manner (Fig. 

2A). To assess if the anti-proliferative effect of our compound could be associated to the down-regulation of 

inflammatory cytokine production, we measured the release of TNF-α in cell supernatants. We found that VL15 at 

10μM and 3 μM was able to significantly decrease MBP-induced TNF- α secretion by PBMC (Fig. 2B). 
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3.3.2 VL15 does not inhibit CHO cell viability. 

The effect of VL15 was evaluated on viability and proliferation of cannabinoid receptor deficient CHO cells. VL15 

did not block CHO cell proliferation (Fig.3) by sulphorodamine B cytotoxicity test. 
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3.3.3 VL15 slightly reduces PBMC viability. 

In order to establish if the reported inhibition of proliferation and TNF-α release could be ascribed to cell death 

rather than to the blocking of a specific cell signaling, we performed viability assays by trypan blue staining. We 

observed that at the dose of 10μM, VL15 slightly affected viability of PBMC (Fig. 4) with respect to MBP activated 

cells.  
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3.3.4 VL15 controls cell cycle progression of PBMC. 

To establish if the effect observed on cell proliferation was related to modulation of the cell cycle progression, we 

analyzed the cell cycle following treatment with VL15. We found that VL15 at the concentration of 10μM increased 

the percentage of cells in the subG0 phase with respect to the control MBP activated cells and decreased the 

percentage of cells in S phase, also the number of cells in G2/M phase was reduced with respect to the control MBP 

activated cells (Fig. 5).  
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3.3.5 VL15 inhibits cell surface markers, CD69, CD49d integrin, CD54 adhesion molecule and CD25 on MBP 

stimulated PBMC. 

To establish if the effects detected could be related to block of cell activation, we evaluated the level of T activation 

markers, CD69 and CD25, the integrin CD49d and the adhesion molecule CD54 in the CD4+ T cell subset. We 

observed that VL15 at the concentration of 10μM inhibited the expression of these markers, the effect was less 

pronounced for CD49d (Fig.6). 
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3.3.6 VL15 regulates NF-kB, IKKαβ, IKbα, ERK and Akt expression. 

Some molecular inflammatory pathways were investigated by evaluation of the expression of phosphorylated and 

total NF-kB, IKKαβ, IKbα, ERK and Akt. We observed induction of NF-kB, IKKαβ, IKbα, ERK, Akt following 

MBP stimulation with respect to inactivated cells (Fig. 7) and down-regulation of the levels of phosphorylation of 

NF-kB 65kDa, IKKαβ, IKbα, ERK and Akt following treatment with VL15 at the concentration of 10 μM (Fig. 7).  
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3.3.7 VL15 exhibits high intestinal permeability and good BBB penetration by passive diffusion 

The rank order of Papp for intestinal permeability of VL15 was compared with that of reference compounds tested 

in the same assay, like caffeine and cimetidine. Papp values <10 nm/s were grouped as ‘low’, ‘medium’ when 10 ≤ 

Papp ≤ 50 nm/s and ‘high’ when Papp > 50 nm/s. The standard caffeine has a high permeability (174.1±22.3), while 

cimetidine (Pgp substrate) has a low Papp (1.1±0.1), according to literature and in-house validation data. The Papp 

A→B value for VL15 was 125.5 ± 9.2 nm/s, indicating high Caco-2 cell permeability. Furthermore, VL15 showed a 

mass balance value of 48% suggesting that its Papp value could be underestimated. These results indicate that VL15 

might possess high absorption from the intestine after oral assumption. 
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The absorption classification for BBB permeability is: high for Papp > 150; medium for 50 ≤ Papp ≤ 150; low for 

Papp < 50. The used reference compounds were caffeine with high Papp value (207.8±16.6) and amprenavir (P-gp 

substrate) with low Papp value (19.9±2,5) according to literature and in-house validation data. The Papp A→B value 

of VL15 was 97.3 ± 0.1 nm/s, indicating medium MDCKII-hMDR1 cell permeability. Furthermore the compound 

showed a mass balance value of 46% suggesting that its Papp value could be underestimated. These results indicate  

a good BBB penetration of VL15 by passive diffusion. 

 

3.3.8 Physicochemical Characterization 

With the aim of better understanding the ability of VL15 to cross cell barriers, some its physico-chemistry properties  

(LogP, solubility in water and  the Lipinski and Jorgensen rules violations ) were calculated. It is common practice 

to use LogP, the partition coefficient between water and octanol, as a reliable indicator of the lipophilicity of 

molecules. The computed LogP values (Table 2) were obtained using QikProp [33] and the ‘consensus’ prediction 

from ALOGPS 2.1 [34] (which obtains the average from values calculated with ALOGPS 2.1, Pharma Algorithms 

LogP, LogS and pKa, Actelion LogP, COSMOfrag LogP, Molinspiration LogP, KOWWIN LogP and XLOGP 

programs). As shown in Table 2, compound VL15 has a predicted LogP < 5 in accordance with Lipinski’s rules; in 

addition, a low LogP in the range of 0–3 is desirable to reduce toxicity and increase ease of formulation and 

bioavailability for optimal oral absorption. Aqueous solubility (logS) of organic compounds plays a key impact on 

many ADME associated properties like uptake, distribution, transport, and ultimately bioavailability. 1,2-dihydro-4-

hydroxy-2-oxo-1,8-naphthyridine-3-carboxamide derivative, VL15 is structurally very similar to 4-hydroxy-2-

quinolones reported in literature [36,37,38] as slightly acidic compounds with pKa values typically in the range 

4.2−5.0 which should confer high aqueous solubility in a basic medium. 

As shown in Table 1 the compound VL15 shows a logS of -2.0/-2.4, which is in the range of 95% of known drugs 

[33]. Finally, there is no violations for the Lipinski and Jorgensen rules. 
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Table 2. Calculated lipophilicities (ALOGPs, QPLogP), solubilities (ALOGpS, QPLogS) and rule violations for 

compound VL15 

Property Value 

ALOGPs 1.7 

QPLogP 2.3 

ALOGpS -2.4 

QPLogS -2.0 

Lipinski Rule of 5 

violations 

0 

Jorgensen Rule of 3 

violations 

0 

 

  

4.4 Discussion 

Recent studies aimed to develop novel selective CB2 receptor ligands, demonstrated the high CB2 receptor affinity 

of 1,8-naphthyridine derivatives. Some of these compounds elicited CB2-mediated inhibitory action on 

immunological human basophil activation, decrease of cell viability in Jurkat leukemia T cell line [23] and exhibited 

in vivo anti-nociceptive effects [25]. In this study, we investigated the immune-modulatory properties of 1,2-

dihydro-4-hydroxy-2-oxo-1,8-naphthyridine-3-carboxamide derivative VL15 on human PBMC expressing the CB2 

receptor (data not shown) and its potential intestinal absorption and BBB diffusion. We selected this compound 

since we have previously shown that VL15 is a promising CB2 receptor ligand characterized by high affinity and 

selectivity for this receptor. We also observed that VL15 exerted anti-proliferative effects mediated by the CB2 

receptor in prostate tumor cell lines and did not affect the CB1 receptor [26], thus being not much affine to the CB1 

receptor should not induce the psychoactive side effects due to the CB1 receptor activation. We previously used 

VL15 in cell viability assays to test its effects in several tumor cell line, breast cancer cells, prostate cancer cells, 

glioblastoma cells and gastric adenocarcinoma cells. VL15 showed a relatively potent inhibitory effect in these cell 

lines, the highest effect was observed in gastric adenocarcinoma cells [26]. In the present study, we observed that 

VL15 blocked the proliferative response of MBP activated PBMC and the production of TNF-α in a dose dependent 

manner. The inhibitory effect of TNF-α is of particular interest, because this cytokine is usually enhanced in 
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autoimmune pathologies like MS, characterized by autoreactive lymphocytes. Furthermore, in order to assess if the 

effect of VL15 could be observed also in cells deficient of cannabinoid receptors, we used CHO cells that do not 

express these receptors. Interestingly, VL15 did not affect CHO cell viability. These data further suggest VL15 

cannabinoid receptor selectivity. To establish if the anti-proliferative effect on PBMC could be ascribed to cell 

death, we evaluated cell viability and observed that VL15 only slightly reduced the number of activated vital cells at 

the highest concentration. Thus, for the following assays the concentration of 10µM was used, as also previous 

studies suggested that micromolar doses of synthetic CB2 ligands are used to observe efficacy in the modulation of 

immune cell function [27]. Then, we investigated in PBMC the effect of VL15 on cell cycle progression. As 

expected, VL15 treatment reduced the number of cells in the S phase of the cycle this result correlates with the block 

of the proliferative response as consequence of DNA synthesis inhibition observed in Fig. 2A. Indeed, the enhanced 

subG0 phase observed in the presence of VL15 indicative of cell death, is in agreement with the slight inhibition of 

cell vitality observed in Fig. 4. Thus, VL15 interfere with the cell cycle of activated PBMC. Cell activation is a 

hallmark of MS and adhesion molecules are critical players in the regulation of transmigration of blood leukocytes 

across the BBB in MS.  Interestingly, VL15 was particularly efficient to decrease cell activation markers like CD69, 

CD54 adhesion molecule and CD49d integrin on CD4+T cells. This finding correlates with our previous study, 

showing that another naphthyridine compound, CB74, was able to reduce cell activation and adhesion [27]. It is 

known that the down-regulation of adhesion molecules by cannabinoid agonists interferes with the progression of 

autoimmune diseases like MS [39], thus suggesting a therapeutic benefit derived by the use of modulators of these 

molecules. To explore the signaling pathways involved in the effects of VL15, we analyzed the expression of some 

relevant proteins. Of note, VL15, down-regulated the expression level of the phosphorylated NF-kB, IKKαβ, 

phosphorylated ERK and Akt with respect to MBP activated cells in which, as expected, we observed increase of 

NF-kB phosphorylation as consequence of IKK kinase activation as well as up-regulation of ERK and Akt 

phosphorylation. Our further investigation showed that VL15 has high intestinal absorption properties and might 

have good ability to cross the BBB by passive diffusion; these data suggest that it might be potentially active on 

infiltrating lymphocytes in the CNS. Another common feature of MS is the infiltration of auto-reactive leucocytes at 

the site of inflammation. Current approaches to contrast this disease consist of targeting the CB2 receptor that has 

been shown to exhibit a protective role in MS, given the psychotropic effects ascribed to the activation of the CB1 
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receptor. The passage of CB2 receptor ligands through BBB could be desirable to likely keep their benefic 

properties also on infiltrated lymphocytes in the CNS.  

The calculated physicochemical properties and the results of drug-permeability assays in Caco-2 and MDCK cells 

for VL15, highlight potential therapeutic utility of this compound in diseases like MS. 
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Figure Legends 

 

Figure 1    

VL15 chemical structure. 
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In Fig. 1 the chemical structure of VL15 is reported. 

  

Figure 2 

VL15 inhibits proliferation of MBP activated PBMC and TNF-α production. 

MBP activated PBMC were treated with VL15 at the indicated concentrations from 10 µM to 0.3 µM in triplicate. 

The counts per minutes (c.p.m.) ± the standard deviation of the triplicates of a representative experiment out of five 

are shown (A). The mean percent of inhibition of cell proliferation elicited by VL15 at the concentration of 10 µM 

of all the independent experiments performed is 93,8%±6,1. The statistical significance of VL15 inhibitory effect 

was calculated with respect to the MBP activated cells (*p<0.05, $p<0.01). The histogram B represents the effect of 

VL15 used at 10µM and 3 µM on TNF-α secretion in cell supernatant of PBMC activated with MBP. The mean 

percent of inhibition of TNF-α production exhibited by VL15 at the concentration of 10 µM of all the independent 

experiments performed is 91,4%±2,1. The inhibitory effect was calculated with respect to MBP-activated PBMC, 

(MBP in the figures) (*p<0,05). The histograms reported show a single experiment representative of four 

independent experiments with reproducible results.   

 

 Figure 3 

VL15 does not affect CHO cell viability.       

CHO cells were treated with VL15 at the indicated concentrations from 10 µM to 0.3 µM in triplicate. Optical 

density (O.D.) of the triplicates of a representative experiment out of three is shown. VL15 did not affect cell 

viability with respect to non-treated cells (CTR). 

 

Figure 4 

VL15 slightly reduces PBMC viability. 

MBP activated PBMC were treated with VL15 at the concentration of 10μM and cultured for 6 days. After the 

incubation, cells were collected, stained with trypan blue and counted. The percent of cell viability was evaluated on 

PBMC, MBP activated PBMC and in the presence and in the absence of VL15 (10μM). The histogram reported, 

shows the percent of live cells in PBMC, MBP activated PBMC (MBP in the figure) and in the presence of VL15. 

The inhibitory effect of VL15 was calculated with respect to MBP-activated PBMC, (MBP in the figures) (*p<0,05). 
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The histogram is representative of four independent experiments. The mean percent of inhibition of cell viability 

elicited by VL15 at the concentration of 10 µM of all the independent experiments performed is 30,2%±5,2. 

 

Figure 5 

Effects of VL15 on cell cycle progression. 

In this figure the cell cycle progression of MBP activated PBMC treated with VL15 (10μM) is reported. The bars in 

the histogram are calculated as mean of three independent experiments and represent on the y axe, the percent of 

cells in each phase of the cell cycle. The statistically significant increase of the subG0 phase and the decrease of the 

S and G2/M phases (*p<0.05) following treatment with VL15 are illustrated in the figure and are calculated with 

respect to MBP activated cells.  

 

Figure 6 

Effect of VL15 on T cell activation markers. 

MBP activated PBMC were treated with the drug at the concentration of 10μM and cultured for 6 days. After the 

incubation, cells were collected and stained with the antibodies indicated in the figure. Cells were analyzed by flow 

cytometry gating on the lymphocyte region of CD4+T cells. In the histogram, the inhibitory effect of VL15 on cells 

expressing CD69, CD49d, CD54 and CD25 is reported considering as control untreated MBP activated cells (0% of 

inhibition). The histogram reports the mean percent of marker inhibition ± standard deviation of four independent 

experiments. The statistical analysis was performed on four experiments (*p<0,05 calculated with respect to MBP 

activated cells).  

 

Figure 7 

VL15 controls NF-κB, IKKαβ, IKbα, Akt and ERK expression. 

Western blot and densitometric analysis of total and phosphorylated NF-kB, IKKαβ, IKbα Akt and ERK proteins are 

reported in the presence of VL15 (10μM)  along with the controls PBMC and MBP activated PBMC (MBP in the 

figure). The blots are representative of three independent experiments. 

 

 


