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Supplementary Materials and methods 

Hemodynamic studies 

 Rats were anesthetized with 
Inactin® (100 mg/kg.bw, Sigma-Aldrich) 
and prepared with PE-50 polyvinyl 
catheters in the left femoral artery. A 
midline abdominal incision (2 cm) was 
made, and the portal vein was cannulated 
through an ileocolic vein with a PE-50 
catheter to measure PP. After verifying free 
blood reflux, the catheter was fixed to the 
mesentery with cyanoacrylate glue. The 
right jugular vein was also isolated and a 
PE-50 catheter was placed in the right 
atrium. A thermocouple (Columbus 
Instruments, Columbus, OH) was advanced 
to the aortic arch through a left carotid 
approach to monitor the intra-arterial 
temperature during CO measurement. The 
arterial catheter was connected to a highly 
sensitive transducer (Hewlett Packard, 
Avondale, PA) that was calibrated before 
each study. Hemodynamic parameters were 
recorded in a multichannel system 
(PowerLab®, ADInstruments, Sydney, 
Australia). CO was measured by 
thermodilution after the administration of a 
bolus of 200 μl of Ringer solution (20 to 
23°C) into the right atrium. A spring-loaded 
syringe was used (Hamilton Syringe, model 
CR-700-200; Hamilton Co., Reno, NV) to 
ensure a constant injection rate and volume. 
Hemodynamic parameters were allowed to 
equilibrate for 30 minutes and MAP, PP, 
HR and CO values were recorded for two 
30 minute time periods. Each value 
represents the average of 2 measurements. 
TPR and SPP were obtained using the 
following formula: TPR = MAP/CO and 
SPP = MAP-PP. 

Fibrosis quantification 

 Liver sections (4 µm) were stained 
in 0.1% Sirius Red F3B (Sigma) in 
saturated picric acid (Sigma). The relative 
fibrosis area (expressed as a percentage of 
total liver area) was assessed by analyzing 
32 fields of Sirius red-stained liver sections 
per animal. Each field was acquired at 10x 
magnification (Nikon Eclipse E600, 
Kawasaki, Kanagawa, Japan) and then 
analyzed using the morphometry software 

ImageJ v 1.37. To evaluate the relative 
fibrosis area, the measured collagen area 
was divided by the net field area and then 
multiplied by 100. Subtraction of vascular 
luminal area from the total field area 
yielded the final calculation of the net 
fibrosis area. From each animal analyzed, 
the amount of fibrosis was measured as a 
percentage and the average value presented.  

Hepatic mRNA expression of 
PDGFRb 

 Liver specimens were obtained 
from each animal, washed in 0.1% diethyl 
pyrocarbonate-treated phosphate-buffered 
saline salt solution (140 mM NaCl, 8.5 mM 
Na2HPO4, and 1.84 mM Na2HPO4·H2O, pH 
7.4), immediately frozen in dry ice, and 
stored in liquid nitrogen. Liver samples 
from treated and untreated animals were 
also fixed in 10% buffered formalin for 
further hematoxylin and eosin and 
immunostaining analysis. Total RNA was 
extracted from the middle liver lobe of 
control and fibrotic rats using a 
commercially available kit (RNAeasy, 
Qiagen, Germany). RNA concentration was 
determined by spectrophotometric analysis 
(ND-100 Spectrophotometer, Nanodrop 
Technology). One μg of total RNA was 
reverse transcribed (RT) using a 
complementary DNA synthesis kit (High-
Capacity cDNA Reverse Transcription Kit, 
Applied Biosystems, Foster City, CA). 
Specific primers and probe for PDGFRb 
were designed to include intron spanning 
using the Universal Probe Library Assay 
Design Center through the ProbeFinder 
v2.45 software (Roche Diagnostics, 
Indianapolis, IN). The primers included 
were: PDGFRb (probe#69; left: 5’-
GCGGAAGCGCATCTATATCT-3’, right: 
5’-GCGGAAGCGCATCTATATCT-3’), 
and hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) 
(probe#95; left: 5’-
GACCGGTTCTGTCATGTCG-3’, right: 
5’-ACCTGGTTCATCATCACTAATCAC-
3’). Primers were designed according to rat 
sequences (GenBank NM_031525.1 and 
NM_012583.2 respectively). Real time 
quantitative PCR was analyzed in duplicate 
and performed with the Light Cycler 480 
(Roche Diagnostics). Ten µl total volume 
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reaction of diluted 1:8 cDNA, 200 nM 
primer dilution, 100 nM pre-validated 9-
mer probe (Universal ProbeLibrary, Roche 
Diagnostics) and FastStart TaqMan Probe 
Master (Roche Diagnostics) were used in 
each PCR reaction. Fluorescence signal was 
captured during each of the 45 cycles 
(denaturizing 10 sec at 95ºC, annealing 20 
sec at 60ºC and extension 1 sec at 72ºC). 
HPRT was used as a reference gene for 
normalization and water was used as a 
negative control. Relative quantification 
was calculated using the comparative 
threshold cycle (CT), which is inversely 
related to the abundance of mRNA 
transcripts in the initial sample. The mean 
CT of duplicate measurements was used to 
calculate ΔCT as the difference in CT for 
target and reference. The relative quantity 
of product was expressed as fold-induction 
of the target gene compared with the 
reference gene according to the formula 2-

ΔΔCT, where ΔΔCT represents ΔCT values 
normalized with the mean ΔCT of control 
samples. 

Western blot analysis of 
PDGFRb, total ERK1/2, P-ERK1/2 and 
a-SMA 

 Hepatic tissue from treated and 
nontreated rats was individually 
homogenized as described previously [15]. 
To detect total ERK1/2, p-ERK1/2, a-SMA 

and PDGFRb, 40 µg of total denatured 
proteins and 80 µg of the denatured serum 
proteins were loaded per lane on a 10% 
(ERK1/2, p-ERK1/2 and a-SMA) and 7.5% 
(PDGFRb) SDS-polyacrylamide gel (Mini 
Protean III; Bio-Rad Richmond, CA). Gels 
were transferred for 2h to nitrocellulose 
membranes of 0.45 µm (Transblot Transfer 
Medium, Bio Rad), stained with Ponceau S 
red as a loading control and blocked with 
5% non fat milk for in TBST buffer (50 
mmol/L Tris-HCl, pH 8, containing 0.05% 
Tween 20 and 150 mmol/L NaCl) at room 
temperature for 2h. Membranes were 
incubated with primary antibodies rabbit 
polyclonal anti-PDGFRb, mouse polyclonal 
a-SMA (1:1000, Roche Diagnostics, 
Indianapolis IN) and rabbit polyclonal anti-
ERK1/2 and p-ERK-1/2 (1:1000, Cell 
Signaling Technologies, Beverly, MA) at 
room temperature for 2h in TBST buffer 
with 5% non fat milk. PDGFRb, total 
ERK1/2 and p-ERK1/2 membranes were 
incubated with a donkey anti-rabbit 
horseradish peroxidase-conjugated (HRP) 
secondary antibody (1:2000; Amersham 
Biosciences, GE Healthcare, Piscataway, 
NJ) and the a-SMA membrane with a goat 
anti-mouse HRP secondary antibody 
(1:5000; Amersham Bioscience). The bands 
were visualized by chemiluminescence 
(Lumi-Light Western blotting substrate, 
Roche Diagnostics). 
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ABBREVIATIONS  

2-AG, 2-achachydonyl glycerol; AEA, anandamide, BIRC3, Baculoviral IAP 

repeat containing 3; BSA, bovine serum albumin; CB1, cannabinoid receptor 1; 

CB2, cannabinoid receptor 2; CCL3, Chemokine (C-C motif) ligand 3; CCL5, 

Chemokine (C-C motif) ligand 5; CD14, Cluster of differentiation 14; CNR1, 

Cannabinod receptor 1; CNR2, Cannabinoid receptor 2; CXCL1, Chemokine 

(C-X-C motif) ligand 1; CXCL2, Chemokine (C-X-C motif) ligand 2; DMBT1, 

Deleted in malignant brain tumors 1; FBS, fetal bovine serum, fMLP, N-formyl-

methionyl-leucyl-phenylalanine; IL1β, Interleukin 1 beta; IL6, Interleukin 6; IL8, 

Interleukin 8; LPS, lipopolysaccharide; MAPK14, Mitogen-activated protein 

kinase 14; NFKBIA, Nuclear factor of kappa light polypeptide gene enhancer in 

B-cells inhibitor alpha; PMB, polymixin B; PSTPIP1, Proline-serine-threonine 

phosphatase interacting protein 1, RIPK2, Receptor-interacting serine-threonine 

kinase 2; SBP, spontaneous bacterial peritonitis; TNF, Tumor necrosis factor.  
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ABSTRACT 

Objective: Endocannabinoids exert their physiological effects by 

interacting with CB1 and CB2 receptors, the latter being responsible for the 

antiinflammatory effects of endocannabinoids. Cirrhotic patients have altered 

host-defense response mechanisms. Here we assessed whether impaired 

expression of CB2 receptor in monocytic cells of cirrhotic patients could be 

involved in the pathogenesis of this phenomenon. Design: CB2 mRNA and 

protein expression was assessed in a differentiated human monocytic cell line 

(U937) stimulated with endotoxin (LPS). A PCR array of 86 different genes was 

assessed in U937 cells treated with LPS. A migration assay towards 

endocannabinoids or the CB2 antagonist, SR144528, was performed in U937 

cells exposed to LPS. Finally, CB1 and CB2 mRNA expression were measured 

in monocytes and macrophages of cirrhotic patients with or without 

spontaneous bacterial peritonitis. Results: LPS reduced CB2 expression in 

human monocytes. Endocannabinoids increased the migratory activity of U937 

cells, which was reverted when the experiments were performed in the 

presence of LPS. Transcriptional profiling showed marked upregulation of 9 

genes related to proinflammatory signaling. However, only two genes encoding 

for CB1 and CB2 were reduced in LPS-treated cells. Circulating monocytes of 

cirrhotic patients showed a significantly diminished mRNA expression of CB1 

and CB2. Markedly low CB1 and CB2 mRNA levels were found in peritoneal 

macrophages of cirrhotic patients with ascites, being almost suppressed when 

analyzed in patients with peritonitis. Conclusion: LPS reduces CB2 expression 

in human monocytes resulting in depressed chemotactic activity and therefore 

impaired host defense response of these cells.  
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What is already known about this subject:  

• CB2 is highly expressed in the cells of the immune system, and its role 

modulating inflammatory responses is well known.  

• Liver cirrhosis and LPS-induced sepsis have been associated with increased 

activity of endogenous cannabinoids. 

• Cirrhotic patients have altered host-defense response mechanisms and 

increased susceptibility to bacterial infections. 

 

What are the new findings:  

• LPS exposure inhibits CB2 receptor messenger and protein expression in 

human-derived monocytic cells. 

• LPS exposure decreases the migratory activity of human-derived monocytic 

cells. 

• Down regulation of messenger expression induced by LPS in human 

derived monocytic cells is highly specific for CB receptors as demonstrated 

by array analysis of 86 different genes involved in antibacterial response.  

• Circulating monocytes of cirrhotic patients show decreased expression of 

CB receptors. This reduction being more intense in cells obtained of patients 

with SBP.  

• Expression of CB receptors is almost suppressed in peritoneal 

macrophages of patients with SBP 

 

How might it impact on clinical practice in the foreseeable future? 

These findings unveil new strategies to improve the cell armamentarium of 

cirrhotic patients to fight against bacterial infection.  
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INTRODUCTION 

The peripheral cannabinoid receptor (CB2) was first identified in 1993 by 

Munro et al. via cloning of a novel G-protein coupled receptor expressed in a 

human promyelocytic leukemia HL60 human cell line.[1] Although expression 

levels vary among the immune cell population, the CB2 receptor has relatively 

high affinity for cannabinoids and is expressed by all immune cells, with the 

ranking order of abundance being B cells > NK cells > macrophages > 

polymorpho nuclear cells > T cells.[2-4] Macrophages appear to abundantly 

express the CB2 receptor, however, little is known about the role that this 

receptor plays in monocytic cell biology. Despite evidence that CB2 signaling 

may be involved in cell differentiation,[3] migration [5,6] and proliferation,[7-10] 

the mechanisms involved in these processes are poorly known. In this regard, 

several reports have suggested that stimulation by cytokines increases CB2 

expression,[3,4,11,12] whereas LPS stimulation suppresses CB2 mRNA 

expression in lymphocytes.[13] Although these investigations have provided 

some clues on the regulation of CB2 expression, more studies are clearly 

needed to define the functional consequences of these changes and the role of 

the CB2 receptor in monocyte/macrophage cell biology.  

Cirrhotic patients have altered host-defense response mechanisms and 

increased susceptibility to bacterial infections, which seems to be related to 

alterations in the intestinal barrier and/or bacterial translocation from the mucosa 

to the mesenteric lymph nodes and the intestinal circulation.[14,15] The extreme 

manifestation of this condition is spontaneous bacterial peritonitis (SBP), which 

occurs in patients with advanced liver disease and is defined as the infection of a 

previously sterile ascitic fluid with no apparent intraabdominal source of 
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infection.[14] In spite of the efficacy of the current antibiotic therapy in resolving 

peritoneal infection, the mortality rate in cirrhotic patients with SBP still remains 

relatively high.[16] Both liver cirrhosis and LPS-induced sepsis have been 

associated with increased activity of endogenous cannabinoids.[17,18] However 

whether any relationship exists among these phenomena is unknown.  

In the present study we assessed whether LPS regulates CB2 expression 

in human monocytic cell lines. In addition, we assessed whether CB2 messenger 

expression is altered in monocyte/macrophages of cirrhotic patients. Our results 

indicate that LPS represses mRNA and protein expression of the CB2 receptor in 

human monocytes thereby affecting their functional properties. Moreover, we also 

observed a diminished abundance of CB2 transcripts in circulating monocytes and 

peritoneal macrophages of cirrhotic patients. These findings make it attractive to 

speculate that LPS may further alter host response mechanisms in cirrhotic 

patients by depressing CB2 expression in immune cells of the monocytic linage.  

MATERIAL AND METHODS 

 Cell cultures:  U937 cells, a human monoblastic leukemia cell line, were 

obtained from ATCC CRL-1593.2. Cells were cultured at 37°C in a 5% CO2 

atmosphere with RPMI-1640 medium (Gibco-Invitrogen, Paisley, UK) 

supplemented with 10% heat-inactivated fetal bovine serum and 

penicillin/streptomycin (50 U/ml and 50 mg/ml). To induce differentiation into 

adherent macrophage-like cells, U937 cells were seeded in 12-well plates 

(0.5×106 cells/ ml) and incubated for 48 h in RPMI-1640 / 10% fetal bovine 

serum (FBS) containing 10 ng/ml of phorbol myristic acid (PMA, Sigma 

Chemical Co, St. Louis, MO), a known inducer of macrophage phenotype in 

these cells.[19] Following PMA treatment the differentiated cells were cultured 
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for an additional period of 24 h in fresh medium and the different experiments 

were conducted as described below.  

Human peritoneal macrophages, either from patients with (n=4) or without 

(n=3) SBP, were obtained after diagnostic paracentesis. Ascites was kept at 4°C 

to prevent the adhesion of the macrophages to the plastic. After centrifugation at 

200 g for 10 min at 4°C, 6x105 cells/well were seeded on 24-well plates (Costar, 

Cambridge, MA) in the ascitic fluid of the same patient from whom they were 

extracted. After incubation for 90 minutes at 37°C in a humidified atmosphere 

(95% air and 5% CO2), the non-adherent cells were removed from the wells by 

three washes of 200 ml of pre-warmed Dulbecco phosphate buffered saline 

(DPBS), and the remaining adherent cells were incubated with phenol red-free 

RPMI-1640 medium supplemented with 2% heat-inactivated fetal calf serum, 

penicillin/streptomycin (50 U/ml and 50 mg/ml) and L-glutamine (2 mmol/l) at 37°C 

in a humidified atmosphere (95% air and 5% CO2). More than 96% of the 

adherent cells were nonspecific esterase positive and had the morphological 

appearance of macrophages when examined after Giemsa staining.  

Peripheral monocytes from healthy subjects (n=6) and cirrhotic patients 

with ascites with (n=4) or without SBP (n=6) were also isolated. Cells were 

obtained from fresh blood by venipuncture using acid citrate dextrose as 

anticoagulant. Blood was centrifuged at 800 rpm (15 min, room temperature) and 

leukocytes were fractionated by Ficoll-Hypaque gradient centrifugation. Then, 

monocytes were obtained from the mononuclear cell layer according to the 

method of Denholm and Wolber.[20] Briefly, mononuclear cells were resuspended 

in DPBS plus 0.1% bovine serum albumin (BSA), added to a percoll: 10x Hanks 

balanced salt solution (10:1.65 mixture) in a 10x1.5 cm round bottom 
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polypropylene tube and centrifuged at 1500 rpm, 25°C for 30 min. Monocytes 

were collected from the upper 5 mm of the gradient. Cytospin preparations of 

monocytes stained with Giemsa confirmed a 90-94% pure monocyte population. 

Cells were seeded on 24-well plates (5x105 cells/well) and incubated with RPMI-

1640 medium under standard conditions of humidity and temperature.  

Effect of LPS on CB2 messenger and protein expression and cell 

viability in U937 cells. Activated monocytic cells were washed and then 

incubated with RPMI-1640 supplemented with 1% heat-inactivated FBS and 10 

ng/ml or 1μg/ml LPS (E.coli 055:B5;Sigma-Aldrich) for 6, 12, 24 and 30 h. 

Thereafter, mRNA and protein expression of CB2 and cell viability were 

determined by Real-Time PCR, Western blot and MTS assay, respectively. The 

specificity of the LPS effect was assessed by measuring mRNA expression of 

the CB2 receptor in the presence of the LPS inhibitor, Polymixin B (PMB, 

Sigma-Aldrich). PMB is a potent antibiotic that binds and neutralizes LPS. U937 

cells were incubated with PMB (10 µg/ml) for 6, 12, 24 and 30 hours. At the end 

of the experiments, total RNA and proteins were extracted as described below. 

All experiments were reproduced at least 3 times in 3 independent assays.  

Effect of LPS on endocannabinoid-induced cell migration in U937 

cells. U937 differentiated cells were incubated in RPMI-1640 supplemented 

with 1% heat-inactivated fetal bovine serum in the absence or presence of LPS 

(1 μg/ml) for 6h. Directional migration was measured in the modified Boyden 

microchamber (NeuroProbe, Gaithersburg, USA). Cells were suspended and 

counted; subsequently 50 μl of cell suspension (5×105 cells/ml) was placed in 

the upper compartment with a polycarbonate membrane separating the two 

chambers. 2-arachydonylglycerol (2-AG, 1 µM), anandamide (AEA, 1 µM) or the 
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chemotactic tripeptide fMet-Leu-Phe (fMLP, 10 nM) were placed in the lower 

compartment of the chamber. When indicated, cells were also incubated in the 

presence of the CB2 receptor antagonist SR144528 (1 µM). After 3 h of 

incubation at 37°C, the cells on the upper side of the membrane were scraped 

off using a cotton swab and the cells that had migrated to the lower side of the 

filter were fixed with methanol. After staining with DiffQuick® solution (Dade 

Behring Inc., Newark, NJ), the cells that had migrated into the lower side were 

counted manually. The cells migration ability was expressed as the average cell 

number in four random microscopic fields (Olympus BX45, Olympus 

Corporation, Tokyo, Japan). 

Patients. This part of the investigation was performed in circulating 

monocytes or peripheral macrophages isolated from 6 healthy volunteers and 

16 cirrhotic patients (6 women, 10 men). The patients had a mean age of 61±12 

years (range, 42-80). The etiology of cirrhosis was alcohol-induced in 5 

subjects, 3 with hepatitis B surface antigen or hepatitis C–antibody associated, 

3 with both alcohol-induced and viral hepatitis, 1 with chronic biliary cirrhosis 

and 4 of unknown etiology. The diagnosis of cirrhosis was established by liver 

biopsy in 12 cases and by clinical, laboratory, and ultrasonographic findings in 

the remaining cases. All patients had advanced liver cirrhosis and Child-Pugh 

score B or C. SBP was diagnosed on the basis of a polymorphonuclear cell 

count in ascitic fluid greater than or equal to 250 cells/mm3 in the absence of 

clinical, radiologic, or laboratory data suggesting secondary peritonitis or other 

abdominal disorders resembling SBP (e.g., hemorrhage into ascites, 

pancreatitis, peritoneal tuberculosis, or carcinoma). 
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Cell Viability Assay. The effect of LPS treatment on U937 cell growth 

inhibition was studied by the MTS assay using CellTiter 96® Aqueous Assay kit 

(Promega, Madison, WI) following the manufacturer’s instructions. Following 

LPS exposure, 20 μl of MTS working solution was added to each well, and the 

plate was incubated for 3 h at 37ºC in a CO2 incubator. The viability was 

assessed on the basis of mitochondrial conversion of MTS [3-(4, 5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium, inner salt] into aqueous, soluble formazan. The quantity of 

formazan product is directly proportional to the number of living cells in culture 

and was measured by determining the A490nm of the cell culture medium. The 

viability was calculated using the formula: % inhibition = (1 - ODtest/ODcontrol) x 

100. 

CB2 mRNA expression in U937 cells, human monocytes and 

peritoneal macrophages. See supplementary online material. 

Western blot of CB2 receptor from U937 cells. See supplementary 

online material. 

Bacterial signaling pathway PCR array. To assess the effects 

triggered by LPS on the transcriptome in human monocytes, activated U937 

cells were incubated with LPS (10 ng/ml) for 6 h. RNA was extracted from cell 

lysates with TRIZOL followed by a RNA extraction column using the RNA easy 

kit (Qiagen, Venlo, The Netherlands). To remove residual DNA, RNA 

preparations were treated with RNase-Free DNAse set (Qiagen). First-strand 

cDNA was synthesized from 1 μg total RNA using an RT2 first-strand kit 

(Qiagen) and PCR arrays were performed according to the manufacturer's 
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protocols (SABiosciences, Frederick, MD). Real-time PCR array for the 

bacterial signaling pathway was performed using human Antibacterial 

Response signaling pathway, RT2 Profiler™ PCR array, (SABiosciences) 

according to the manufacturer's protocol. This PCR array combines the 

quantitative performance of SYBR Green-based real-time PCR with the multiple 

gene profiling capabilities of microarray to profile the expression of 84 key 

genes involved in innate immune response to bacteria. PCR array plates were 

processed in a Light Cycler 480 (Roche Diagnostics) using automated baseline 

and threshold cycle detection. Gene expression was normalized to internal 

controls to determine the fold change in gene expression between test and 

control samples. The relative quantity of product was expressed as fold-

induction of the target gene compared with the reference gene according to the 

formula 2-ΔΔCT. Data were interpreted using the SABiosciences’ web-based PCR 

array data analysis tool.[21] Statistical significance is obtained after performing 

a Student’s t-test analysis comparing to control samples.  

 Ethical approval. The study was performed according to the criteria of the 

Investigation and Ethics Committee of the Hospital Clínic Universitari. 

 Statistical analysis. Data are expressed as mean±SE. Statistical analysis 

of the results was performed by One-way analysis of variance (ANOVA) and 

Newman-Keuls post test or Kruskal-Wallis test with Dunns post-hoc to compare 

between groups or by an unpaired Student’s t test or Mann-Whitney when 

appropriate. Differences were considered to be significant at a p value of 0.05 

or less. 
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RESULTS 

LPS stimulation downregulates CB2 mRNA in U937 cells. Time 

course expression of CB2 mRNA in LPS-treated U937 cells is shown in Figure 

1. Both, pharmacological (1 µg/ml) and supraphysiological (10 ng/ml) doses of 

the bacterial wall product markedly inhibited transcript expression in the human 

monocytic cell line. This effect was observed as earlier as 6 hours following 

cells exposure to LPS and was significantly maintained for periods of time 

longer than 24 hours, regardless of using the higher or the lower dose of LPS. 

To ascertain whether the LPS-induced suppression of CB2 mRNA in U937 cells 

could be related with some effect on cell survival, monocytic cells were 

incubated with MTS to estimate the amount of living cells under the different 

experimental conditions. As shown in Figure 1A, no statistical differences in cell 

viability among human monocytic cells treated or not treated with LPS were 

observed at either, 10 ng/ml or 1 µg/ml.  

Effect of LPS on CB2 protein expression. Next, Western blot 

experiments were conducted to further demonstrate the LPS-induced reduction 

of CB2 expression in human monocytes. In concordance with the RT-PCR data, 

following 6,12 or 24 hours exposure to LPS we observed an around 50% 

reduction of CB2 protein in U937 cells (Figure 1B).  These results indicate that 

the inhibitory action of LPS on CB2 transcript expression is translated in 

decreased CB2 protein abundance in the human monocyte cell line. 

PCR array of genes related to antibacterial response pathway. A 

quantitative RT-PCR (qRT-PCR) was performed to further confirm suppression 

of CB2 mRNA under LPS exposure in U937 cells and to compare these results 

with the well-established induction of LPS on other genes involved in 
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antibacterial response. Total RNA samples from control and LPS-treated cells 

were analyzed by using a commercially available PCR array that includes 84 

representative genes from several biological pathways involved in antimicrobial 

response as well as CB receptors type 1 and 2 (CNR1 and CNR2, respectively). 

Figure 2A displays a scatter plot report of the results obtained in the qRT-PCR 

array experiments indicating the position of several noteworthy genes based in 

their large fold differences in expression between control and LPS-exposed 

monocytes. Of the 86 genes assessed in this array, 17 genes demonstrated at 

least 2.5-fold difference between the two groups of experimental conditions. As 

displayed in Figure 2B, most of these differences disappeared when the 

experiments were performed in the presence of polymyxin B, a cationic 

antibiotic that prevents LPS cell binding and signaling.[22]  

Table 1: Changes in expression for antibacterial response genes between untreated and LPS-
treated (10 ng/ml) or LPS (10 ng/ml) + PMB (10 µg/ml) U937 cells. Genes from the experiment 
in figure 2 that exhibit at 2.5-fold or greater change in expression between control and LPS-
treated cells are listed. 

UPREGULATED GENES   

 LPS  LPS + PMB 
Genes Fold change Significance  Fold change Significance 
BIRC3 8.4 p<0.05  1.5 ns 
CCL3 13.6 p<0.01  1.1 ns 
CCL5 3.2 Ns  1.2 ns 
CD14 3.0 Ns  1.2 ns 
CXCL1 48.9 p<0.01  1.7 ns 
CXCL2 92.4 p<0.01  3.5 ns 
IL1β 15.1 p<0.01  1.8 ns 
IL6 620.2 p<0.05  7.3 ns 
IL8 14.1 p<0.01  1.8 p<0.05 
NFKBIA 3.0 Ns  1.3 ns 
RIPK2 2.7 p<0.01  1.0 ns 
TNF 16.5 p<0.05  1.4 ns 
DOWNREGULATED GENES 

DMBT1 2.5 Ns  1.0 ns 
MAPK14 2.5 Ns  0.9 ns 
PSTPIP1 2.9 Ns  0.9 ns 
CNR1 8.7 p<0.001  0.5 p<0.05 
CNR2 16.5 p<0.05  1.2 ns 
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As shown in Table 1, 12 genes were up-regulated by >2.5 fold change 

while 5 appeared to be down regulated in the LPS-treated samples. However, 

statistical differences were only reached in 9 upregulated and 2 downregulated 

genes, respectively. Interestingly, significant gene expression inhibitory effect of 

LPS was only seen in CB receptors 1 and 2. 

LPS decreases endocannabinoid-induced chemotactic activity in 

U937 cells. Whether LPS-induced down-regulation of CB2 mRNA expression 

correlates with functionally significant changes was assessed by evaluating 

chemotactic activity in U937 cells. In fact, endocannabinoids have been shown 

to be powerful inducers of chemotaxis in macrophages and monocytes, 

including U937 cells.[23-27] In our hands, both 2-AG and AEA increased in vitro 

cell migration through the Boyden chamber in comparison to vehicle-treated 

cells. Moreover, cells pretreated with LPS showed a significantly attenuated 

endocannabinoid-induced chemotactic activity (Figure 3A). To further assess 

whether these effects are directly mediated by CB2 receptors, cells were 

exposed to AEA or 2-AG in the presence of SR144528 (1 μM), a specific 

antagonist of CB2 receptors. As illustrated in Figure 3B, CB2 receptor blockade 

fully prevented the chemotactic-induced effect of the endocannabinoid. These 

results indicate that LPS-induced down expression of CB2 receptors results into 

significant functional effects in human monocytic cells.  

Monocytes and macrophages of cirrhotic patients showed a marked 

decrease in CB1 and CB2 mRNA expression. Hepatic cirrhosis is associated 

with enhanced circulating levels of bacterial wall derived products, the extreme 

manifestation of this condition being the development of SBP.  Next, therefore, 
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we evaluated whether monocytic cells from cirrhotic patients without or with 

SBP present decreased expression of CB receptors. Circulating monocytes 

were isolated from blood of healthy subjects and cirrhotic patients, whereas 

peritoneal macrophages were obtained from ascites of cirrhotic patients without 

or with SBP. As compared to cells obtained from healthy subjects, circulating 

monocytes of cirrhotic patients showed an abrupt decrease in CB2 mRNA 

expression. This diminution was further accentuated at assessing the 

expression of this transcript in monocytes of patients with SBP, reaching values 

around 80% lower than monocytes of control subjects. Very low CB2 

messenger expression was also observed in peritoneal macrophages of 

cirrhotic patients and become almost fully suppressed when macrophages were 

collected from ascites of patients with SBP (Figure 4). In agreement with the 

results obtained in the array analysis, a very similar pattern expression was 

found at assessing CB1 mRNA abundance in the same cells. Actually, Figure 4 

also shows that CB1 receptor abundance was strongly reduced in circulating 

monocytes of cirrhotic patients and markedly reduced in peritoneal 

macrophages of patients with SBP.  

DISCUSSION 

The results of this investigation indicate that bacterial LPS reduces CB2 

receptor expression in human monocytes resulting in depressed chemotactic 

activity and therefore impaired host defense response of these cells. In fact, 

CB2 mRNA expression is decreased in circulating monocytes and peritoneal 

macrophages of cirrhotic patients, a clinical condition characterized by 

enhanced LPS levels and increased susceptibility to bacterial infections, with 
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the down expression of the CB2 receptor being more accentuated when 

patients develop SBP. 

There are compelling evidence indicating that the endogenous 

cannabinoid system is of major relevance in the regulation of the immune and 

host-defense mechanisms, most of these effects being mediated by interaction 

with central and peripheral CB2 receptors.[28] Actually, stimulation of these 

receptors attenuates the activation and release of proinflammatory mediators in 

neurodegenerative inflammatory disorders [29-31] and other inflammatory 

processes associated with liver [32,33] and cardiac [34] reperfusion injury, 

atherosclerosis,[36] inflammatory bowel disease [36,37] and rheumatoid 

arthritis.[38] Further indications on the fluid cross-talk between 

endocannabinoids and immunoresponse have been documented by several 

investigations demonstrating that the cytokine storm induced by exposing 

resident macrophages to LPS is markedly attenuated when these cells are 

stimulated with AEA [39] or selective CB2 receptor agonists such as HU-

910.[33] In this scenario, our results showing that LPS markedly suppresses 

CB2 receptor expression may help to understand the mechanisms governing 

host defense depletion in pathological conditions characterized by sustained 

levels of endotoxin. This finding coincides with previous investigations indicating 

that LPS suppresses CB2 mRNA in murine B cells [13] due to the ability of LPS 

to modify the transcriptional start site of CB2 messenger in murine 

splenocytes.[40]  

Pattern recognition receptors are the gate by which cells of the immune 

system, including lymphocytes and macrophages recognize bacterial-derived 

products, triggering cytokine and chemokine release which, in turn, promote 
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leukocyte attraction to the site of infection.[41] In addition, recent studies have 

demonstrated that AEA and 2-AG may also induce chemotactic activity, which 

is mainly mediated by CB2 receptors, in these cells.[25] Since chemotaxis is a 

fundamental component of the leukocyte armamentarium to fight against 

bacterial infection we next assessed whether LPS-induced suppression of CB2 

receptors may result in a significant impairment in human leukocyte motility. Our 

findings showed that, in the in vitro motility assay, the endocannabinoids AEA 

and 2-AG induced migration of the human lymphocyte cell line and that LPS 

pretreatment significantly attenuated the migratory-induced effect of the 

endocannabinoids. This effect was reversed by the CB2-selective antagonist 

SR144528, thus confirming a role for CB2 receptors. These results 

demonstrating chemotactic CB2-dependent activity are in line with previous 

studies showing 2-AG induced migration in human polymorphonuclear cells, 

eosinophils, neutrophils and natural killer cells,[26,27,42] an effect which was 

reversed by SR144528 in all these cases.[43] Taken together our results show 

CB2-dependent U937 cell migration in response to endocannabinoids and that 

pre-exposure to LPS has the capacity to inhibit migration to these stimuli. This 

is an important issue, since under conditions of bacterial infection, such as SBP, 

enhanced migration into tissues is beneficial, but its inhibition by CB2 receptor 

down regulation may result in impairment of host defense response 

mechanisms. 

To gain insight into the molecular mechanisms of endotoxin-induced 

down expression of CB2 receptor in human monocytes we analyzed changes in 

U937 cell gene expression. A quantitative RT-PCR analysis was performed 

using a human RT-profile PCR array which contains 84 bacterial response-
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related genes and two genes corresponding to CB receptors. To our knowledge 

this is the first study on the effect of LPS on human monocyte gene expression 

using high throughput technology which offers the possibility of a wide scale 

analysis of genes involved in these specific pathways. Transcriptional profiling 

revealed that the expression of 11 genes was significantly changed in LPS-

treated U937 cells compared with non stimulated cells. Most of these genes are 

closely related to the inflammatory response and most specifically with cytokine 

activation (IL1β, IL6, IL8 and TNF) and chemokine receptors (CCL3, CCL5, 

CXCL1 and CXCL2). Several genes’ functions involve important pathological 

processes including negative regulation of inflammatory signaling pathways 

(BIRC3) [44] and detection of endotoxin by Toll-like receptors (RIPK2).[45] 

However, it is important to note that the only genes significantly reduced in LPS 

treated cells were CNR1 and CNR2 which encode for CB1 and CB2 receptors, 

respectively. Interestingly, all these changes in gene expression were almost 

fully suppressed when the experiments were performed in the presence of 

PMB, thus demonstrating the specificity of the effect triggered by LPS. This 

remarkable observation indicates that endotoxin induced suppression of CB 

receptor is a highly specific effect for endocannabinoid signaling.  

Bacterial infections are a life-threatening event frequently occurring in 

patients with liver disease.[46] Infections are major precipitating agents of the 

underlying liver disease and are associated with high mortality rates.[47] The 

increased susceptibility to infection in patients with cirrhosis has been attributed 

to alterations in the immune response, including defective chemotaxis.[48] 

Since our in vitro assay demonstrated that LPS impairs cell mobility upon 

endocannabinoid challenge by a CB2 receptor-dependent mechanism, we next 
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assessed CB2 receptor expression in macrophages of cirrhotic patients with 

and without SBP. In agreement with the results obtained in the in vitro 

experiments, blood and peritoneal macrophages of cirrhotic patients showed a 

significant downregulation of CB receptors, this reduction being much more 

intense when cell were isolated from patients with SBP. 

Leukocytes are a major source of endocannabinoids. Under a framework 

of increased bacterial wall products, such as in advanced liver disease, LPS 

stimulation result in 2-AG and AEA secretion.[49] Since CB2 receptors are 

abundantly expressed in cells of the monocytic lineage the anticipated response 

among others would be enhanced mobility toward the site of infection. However, 

LPS as demonstrated in the present investigation, would also suppress CB2 

receptor expression and therefore, the leukocyte ability to respond against 

bacterial infection becomes seriously compromised. This, in turn, will provide a 

further explanation for the impaired defense response mechanisms in cirrhotic 

patients with liver disease.  
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FIGURE LEGENDS 

Figure 1. CB2 mRNA, protein expression, cell viability in the U937 human 

monocyte cell line. (A) mRNA expression of U937 cells was assessed in 

resting conditions and following exposure to LPS for different time incubation 

periods by quantitative RT-PCR as described in the material and methods 

section. Full circles represent the results of the cell viability assay obtained 

under the different experimental conditions. (B) Representative Western blot of 

CB2 protein expression levels in U937 cells treated with medium alone (M) or 

LPS (10 ng/ml) at 6, 12 and 24 h. Eighty micrograms of protein lysate from 

U937 cells was loaded per lane. The lower panel shows the densitometric 

analysis of all the experiments normalized to β-actin. The results were 

confirmed by 3 independent experiments. Results are given as means ± SE; * 

p<0.05, ** p<0.01 and *** p<0.001 vs. medium. Statistical analysis was 

calculated by an unpaired Student’s t-test. 

 

Figure 2. Antibacterial response genes PCR array. Relative expression 

comparison for 86 antibacterial response-related genes between non-

treated, LPS (10 ng/ml)-treated and LPS (10 ng/ml) + PMB (10 µg/ml)-

treated U937 cells. This figure represents a log transformation plot of the 

relative expression level of each gene (2-∆Ct) between non treated U937 cells (x 

axis) and LPS or LPS+PMB treated U937 cells (y axis). The dashed lines and 

full circles indicate ≥ 2.5-fold change in the gene expression threshold. The 

results were confirmed by 3 independent experiments.  
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Figure 3. Migration assay in the U937 monocyte cell line towards 2-AG 

and AEA. (A) Migration assay of U937 cells towards 2-AG and AEA incubated 

with LPS (1 µg/ml), saline as vehicle and fMLP (10 nM) as positive control. The 

results are given as migrated cells/field. (B) Right panels show migration 

towards AEA and 2-AG plus a selective CB2 antagonist SR144528 (1 μM). The 

results were confirmed by at least 3 independent experiments. Results are 

given as mean±SE; * p<0.05, ** p<0.01 vs. untreated cells, *** p<0.001 vs. 

vehicle, # p<0.001 vs. 2-AG-vehicle, † p<0.001 vs. AEA-vehicle, c p<0.001 vs. 

2-AG and b p<0.01 vs. AEA. Statistical analysis was calculated by One-way 

ANOVA with Newman-Keuls post-hoc test and Kruskal-Wallis test with Dunns 

post-hoc test when appropriate. 

 

Figure 4. CB1 and CB2 mRNA expression in human circulating monocytes 

and peritoneal macrophages of healthy subjects and cirrhotic patients. 

mRNA expression of both CB1 and CB2 receptors were analyzed by Real Time 

PCR. Circulating monocytes and peritoneal macrophages were extracted from 

cirrhotic patients with ascites with or without SBP. Circulating monocytes from 

healthy subjects were used as control. The results were confirmed by at least 3 

independent experiments. Results are given as means ± SE; * p<0.05;  ** 

p<0.01 and *** p<0.001 vs. control monocytes; a p<0.05 vs. cirrhotic 

macrophages. Statistical analysis was calculated by unpaired Student’s t-test or 

One-way ANOVA when appropriated.�
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SUPLEMENTARY MATERIAL 

 

MATERIAL AND METHODS 

CB2 mRNA expression in U937 cells, human monocytes and peritoneal 

macrophages. Total RNA from cultured cells was extracted using a commercially 

available kit (TRIZOL, Gibco-Invitrogen). RNA concentration was determined by 

spectrophotometric analysis (ND-100 Spectrophotometer, Nanodrop Technology, 

Thermo Fisher Scientific, Waltham, MA). One μg of total RNA was reverse transcribed 

(RT) using a complementary DNA synthesis kit (High-Capacity cDNA Reverse 

Transcription Kit, Applied Biosystems, Foster City, CA). Real-Time PCR was performed 

with TaqMan probes designed with the TaqMan Gene Expression assay software from 

Applied Biosystems. Human CB2 receptor assay reference: Hs00275635_m1 and 

human HPRT assay reference: Hs01003267_m1, were designed according to the 

human CB2 receptor (CNR2) and HPRT gene sequence (GenBank NM_001841 and 

NM_000194.2), respectively. When indicated, human CB1 mRNA expression was also 

assessed using human CB1 receptor assay reference: Hs00275634_m1 according to 

the human CB1 (CNR1) gene sequence. Real time quantitative PCR was analyzed in 

duplicate and performed with the Light Cycler 480 (Roche Diagnostics, Indianapolis, 

IN). Ten µl total volume reaction of diluted 1:8 cDNA, TaqMan Universal PCR Master 

Mix and TaqMan Gene Expression Assay Mix, were used in each PCR reaction. 

Fluorescence signal was captured during each of the 45 cycles (denaturizing 10 sec at 

95ºC, annealing 20 sec at 60ºC and extension 1 sec at 72ºC). HPRT was used as a 

reference gene for normalization, and water was used as a negative control. Relative 

quantification was calculated using the comparative threshold cycle (CT), which is 

inversely related to the abundance of mRNA transcripts in the initial sample. The mean 

CT of duplicate measurements was used to calculate ΔCT as the difference in CT for 

target and reference. The relative quantity of product was expressed as fold-induction 

of the target gene compared with the reference gene according to the formula 2-ΔΔCT, 



� �

�

��3��

where ΔΔCT represents ΔCT values normalized with the mean ΔCT of control 

samples. 

Western blot of CB2 receptor from U937 cells. The cultured cells were 

scraped with 1ml of buffer solution with Tris–HCl 20 mM, pH 7.4, containing 1% Triton 

X-100, 0.1% SDS, 50 mM NaCl, 2.5 mM EDTA, 1 mM Na4P2O7 10H2O, 20 mM NaF, 

1 mM Na3VO4, 2 mM Pefabloc and Complete Mini (Roche Diagnostics). CB2 was 

separated on a 10% SDS-polyacrylamide (Mini Protean III, Bio-Rad, Richmond, CA) 

and transferred for 2h at 4°C to a nitrocellulose membrane (Transblot Transfer 

Medium, Bio-Rad). The membranes were stained with Ponceau-S red as a control for 

protein loading. Thereafter, the membranes were blocked overnight at 4ºC with 5% 

powdered non-fat milk in TTBS buffer. Then they were incubated for 2h at room 

temperature with rabbit polyclonal anti-CB2 (1:750, Cayman Chemical, Ann Arbor, MI, 

USA) or anti-β-actin (1:1000, Cell Signaling Technology, Beverly, MA) followed by 

incubation with horseradish peroxidase conjugated anti-rabbit antibody (1:2000, 

Amersham Biosciences, Uppsala, Sweden). Bands were visualized by 

chemiluminescence (ECL Western blotting analysis system; Amersham Biosciences). 
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