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    Abstract

        Immune-mediated liver diseases including autoimmune and viral hepatitis are a major health problem worldwide. Natural cannabinoids such as Δ9-tetrahydrocannabinol (THC) effectively modulate immune cell function, and they have shown therapeutic potential in treating inflammatory diseases. We investigated the effects of THC in a murine model of concanavalin A (ConA)-induced hepatitis. Intraperitoneal administration of THC after ConA challenge inhibited hepatitis as shown by significant decrease in liver enzymes and reduced liver tissue injury. Furthermore, THC treatment resulted in significant suppression of crucial inflammatory cytokines in ConA-induced hepatitis. It is noteworthy that THC treatment in ConA-injected mice led to significant increase in absolute number of Forkhead helix transcription factor p3+ T regulatory cells in liver. We were surprised to find that select cannabinoid receptor (CB1 or CB2) agonists were not able to block hepatitis either independently or in combination. However, CB1/CB2 mixed agonists were able to efficiently attenuate hepatitis similar to THC. The modulatory effect of THC in ConA-induced hepatitis was reversed by both CB1 and CB2 antagonists. We also observed that endogenous cannabinoid anandamide was able to reduce hepatitis by suppressing cytokine levels. In addition, deficiency or inhibition of endocannabinoid hydrolyzing enzyme fatty acid amide hydrolase (FAAH), which leads to increased levels of endogenous cannabinoids, resulted in decreased liver injury upon ConA challenge. Our data demonstrate that targeting cannabinoid receptors using exogenous or endogenous cannabinoids and use of FAAH inhibitors may constitute novel therapeutic modalities to treat immune-mediated liver inflammation.

      
Footnotes
	
        This study was funded by National Institutes of Health grants R01-DA016545, R01-ES09098, R01-AI053703, R01-AI058300, R01-HL058641, and P01-AT003961 (to P.S.N. and M.N.).

      
	
        ABBREVIATIONS: AIH, autoimmune hepatitis; NKT, natural killer T; TNF, tumor necrosis factor; IFN, interferon; mAb, monoclonal antibody; THC, δ-9-tetrahydrocannabinol; CB, cannabinoid; AEA, arachidonoylethanolamide (anandamide); ConA, concanavalin A; JWH-133, 1,1-dimethylbutyl-1-deoxy-Δ9-tetrahydrocannabinol; foxp3, Forkhead helix transcription factor p3; MAFP, methylarachidonyl fluorophosphate; ACEA, arachidonyl-2′-chloroethylamide; CP55,940, (1R,3R,4R)-3-[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-4-(3-hydroxypropyl)cyclohexan-1-ol; WIN55212, (R)-(+)-[2,3-dihydro-5-methyl-3-(4-morpholinylmethyl) pyrrolo-[1,2,3-d,e]-1,4-benzoxazin-6-yl]-1-naphthalenyl-methanone; SR144528, N-[(1S)-endo-1,3,3-trimethyl bicyclo heptan-2-yl]-5-(4-chloro-3-methylphenyl)-1-(4-methylbenzyl)-pyrazole-3-carboxamide); URB532, 4-benzyloxyphenyl-n-butylcarbamate; FAAH, fatty acid amide hydrolase; PBS, phosphate-buffered saline; DMSO, dimethyl sulfoxide; AST, aspartate transaminase; ALT, alanine transaminase; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; H&E, hematoxylin and eosin; IL, interleukin; GM-CSF, granulocyte macrophagecolony-stimulating factor; G-CSF, granulocytecolony-stimulating factor; KC, CXC-chemokine; MIP, macrophage inflammatory protein; RANTES, regulated on activation normal T cell expressed and secreted; MNC, mononuclear cell; PKC, protein kinase C; CS, ConA-activated splenocyte; Treg, regulatory T cell; KO, knockout; WT, wild type; AM251, N-(piperidin-1-yl)-1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyl-1H-pyrazole-3-carboxamide; AM630, iodopravadoline.
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