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Background: Dravet Syndrome (DS) is a rare genetic epileptic syndrome (Dravet, 1978) 

caused by mutations in the human SCN1A gene that encode the voltage-gated sodium channel 

subunit Nav1.1. This channel subunit contributes to the rising phase of the action potential in 

neurons (Bender et al., 2012). The disease initiates in the first year of life with febrile seizures 

that progress to severe, partial or generalized tonic-clonic seizures, myoclonic seizures and 

episodes of status epilepticus. DS is a drug resistant epilepsy syndrome and its pathogenesis 

remains poorly understood. Antiepileptic drugs (AEDs) are partially effective and to date, only 

one drug, stiripentol, has been approved specifically for the treatment of this disease in 

combination with classical anti-epileptic drugs. Novel therapies that are able to reduce the 

seizure frequency and preserve or improve cognition, are urgently needed for treatment (Kassaï 

et al., 2008). Preliminary data suggest that a promising therapy for DS may be based on the 

use of certain cannabinoids, e.g. cannabidiol (CBD). CBD is the major non-psychoactive 

component of Cannabis sativa whose mechanism of action, including those involved in its anti-

convulsant properties, is presently unknown. It has no direct activity on the classical 

cannabinoid type 1 (CB1) and type 2 receptors (CB2), but it may indirectly activate both 

receptors for their ability to inhibit the activity of the fatty acid amide hydrolase (FAAH), a key 

enzyme in the degradation of endocannabinoids. In addition, such as the endogenous 

cannabinoid anandamide, CBD has been found to also be active on other targets such as the 

Transient Receptor Potential Vanilloid Type-1 (TRPV1) and type-2 (TRPV2) channels as well as 

the orphan G-protein-coupled receptors GPR55 and GPR18 (Fernández-Ruiz et al., 2013). The 

first evidence of CBD potential for infantile epileptic syndromes was demonstrated in 2013 when 

a number of US families having DS affected children used CBD-enriched cannabis to attenuate 

the frequency and intensity of epileptic episodes. Their experience was collected in a survey 

that was published in 2013 by Porter and Jacobson, that proved a >80% reduction in seizure 

frequency in approximately 42% of children treated with CBD-enriched cannabis. Despite the 

mere anecdotal value of these observations, CBD formulated as epidiolex® by the British 

company GW Pharmaceuticals has received the orphan indication by the FDA (USA) for clinical 

studies in DS and related syndromes, and preliminary data obtained from on-going clinical trials 

have indicated a relatively relevant number of patients being seizure free or with notable 

reductions after the treatment with epidiolex . It is possible that the apparent efficacy of CBD 

in DS may be due to the normalization of an underlying dysregulation of the endocannabinoid 

signaling system. 

Aim: On the basis of this evidence, the aim of the first part of the present project was to 

investigate the possible dysregulation of the endocannabinoid signaling in patients affected by 

DS through the gene expression analysis of different related elements including receptors (e.g. 



CB1 and CB2 receptors as well as GPR55, GPR18, TRPV1 and TRPV2 receptors) and enzymes 

(e.g. NAPE-PLD, FAAH, DAGL and MAGL) in peripheral cells. 

Materials and Methods:  

Patient recruitment 

The study was conducted in peripheral blood mononuclear cells (approximately 85% are 

lymphocytes) obtained from DS patients recruited by the Dravet Syndrome Foundation Spain. 

They were compared with control subjects, which were non-DS individuals including some non-

affected relatives that do not bear the mutation and have no clinical diagnosis of DS. 

Lymphocytes have already been used in other neurological disorders as indirect markers of 

possible changes in different endocannabinoid elements occurring in the central nervous system 

(Battista et al., 2007). The study was approved by the “Comité Etico de Investigación Clínica”, 

IRYCIS, Madrid, Spain (code 389-13), and, in all cases, parents/legal representatives approved 

and signed an informed consent that disclosed all ethical aspects related to this study. 

Biological sampling 

Lymphocytes were isolated using a density gradient centrifugation method. Then we analyzed 

the gene expression of different elements related to the endocannabinoid system, including 

receptors (e.g. CB1 and CB2 receptors as well as GPR55, GPR18, TRPV1 and TRPV2 receptors) 

and enzymes (e.g. NAPE-PLD, FAAH, DAGL and MAGL), using the quantitative real-time PCR 

(qPCR-RT).  

Results: As shown in Fig.1, no significant difference was found between patients with DS and 

control subjects in the gene expression of enzymes such as N-acyl phosphatidylethanolamine 

phospholipase D (NAPE-PLD) and diacylglycerol-lipase (DAGL) that synthesize the classical 

endocannabinoids anandamide (AEA) and 2-arachidonoylglycerol (2-AG). Moreover, no change 

was found in the gene expression of enzymes (FAAH and MAGL) responsible for the degradation 

of endocannabinoids between the two groups. 
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Also, no significant changes were found in the gene expression of TRPV1, TRPV2, GPR55 and 

GPR18 receptors (Fig 2).  

Figure 2:    

 

 

On the contrary, we found that the gene expression of the CB2 receptor was significantly 

elevated in DS patients compared to that of control subjects (Fig.3).  

Figure 3: 

                                              

 

We were unable to measure the genes for the CB1 receptor because their expression was below 

the level of sensitivity (data not shown). 

Discussion: The most important finding that we have found is the upregulation of CB2 receptor 

in lymphocytes of patients with DS. In the brain, the CB2 receptor has been strongly linked, 

among others, with the regulation of glial activation and associated inflammatory events, which 

may support the idea that inflammation could have an influence in DS, although this possibility 

has not been fully demonstrated in previous studies (Xu et al., 2013). Elevated CB2 receptor 

gene expression in lymphocytes has been also found in other neurological disorders such as 

multiple sclerosis (Sánchez López et al., 2015) and autism (Siniscalco et al., 2013), although 

the issue has not been investigated, to our knowledge, in epilepsy. Given that the CB2 receptor 

has been linked to the control of inflammation, the next step of my project will be to analyze 

the expression of some inflammation-related genes such as CD70 a marker of lymphocyte 

activation, the cytokines TNF-α and IL-1β, different transcription factors such as NFκB or Nrf-2, 

its inhibitory protein Keap-1, the kinase Akt and the receptor regulatory proteins β-arrestin-1 

and -2. 
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