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RELAZIONE: 
 
Background and Aims: Alcoholism is a chronic, relapsing disorder characterized by compulsion to 
seek alcohol, loss of control in limiting the intake, and being in a negative emotional state during 
withdrawal [1]. It has been shown that stress and related emotional disorders are key factors for 
the development of alcohol dependence and that alcohol intake can temporarily attenuate 
negative emotional symptoms, such as anxiety [2]. Accumulating evidence demonstrated that the 
dynorphin (DYN) and kappa opioid (KOP) receptor system contributes to the negative reinforcing 
effects of alcohol due to the pro-depressive effects of this system activation and its involvement in 
the dysphoria produced by stress [3]. During the first period at the University of Illinois at Chicago, 
I conducted molecular studies on a model of ethanol dependence and data revealed that during 
withdrawal the DYN/KOP system gene expression is altered in the amygdala (AMY) and the bed 
nucleus of stria terminalis (BNST). Based on these results I continued investigating the role of 
DYN/KOP system in an animal model of rapid ethanol tolerance focusing on the AMY and the 
BNST, two brain regions known to be associated with emotional and motivational aspects of drug 
addiction [1]. 
 
Methods: Male Sprague-Dawley adult rats were treated with an acute intraperitoneal injection of 
ethanol (20% v/v) 1 g/kg (EtOH group). One group of ethanol-treated rats received a second 
injection of the same dose of ethanol 24 hours apart (Tolerant group). Saline was used to injected 
control group. After 1 hour from the first or the second injection of ethanol, animals were tested 
for anxiety-like behavior into the elevated plus maze (EPM) and then sacrificed. AMY and BNST 
were dissected out and stored at -80° until molecular analysis: gene expression and chromatin 
immunoprecipitation (ChIP).  
Gene expression: RNA was extracted from AMY and BNST and then purified with DNase and 
converted to cDNA. Quantitative Real-Time PCR using SYBR green was used to amplify the genes of 
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interest: PDYN and KOP receptor. All data were normalized to the housekeeping gene 
hypoxanthine phosphoribosyltransferase 1 (HPRT 1). Relative gene expression of different 
transcripts was calculated by the Delta-Delta Ct (ΔΔCt) method and converted to the relative 
expression ratio (2-ΔΔCt) for statistical analysis. 
ChIP assay: where changes of PDYN and KOP receptor gene expression were detected, ChIP 
analysis was conducted. Briefly, tissues were homogenized and crosslinked with 16% non-
methanol formaldehyde. Samples were treated with lysis buffer, sonicated and then 
immunoprecipitated with specific antibody overnight at 4°. The antibodies used were against the 
following histone 3 modification: lysine 9 and 14 acetylation (H3K9/K14ac), lysine 9 di-methylation 
(H3K9me2), lysine 27 tri-methylation (H3K27me3) and lysine 4 tri-methylation (H3K4me3). The 
crosslinking was reverted at 98° using Chelex®. Changes in the histone modification at the gene 
promoter specific sites were evaluated by Real-Time qPCR.  
 
Results: EPM results indicated that one acute injection of ethanol has an anxiolytic effects in term 
of percentage of time spent and number of entries in the open arm. However, the Tolerant group 
did not show any anxiolytic-like behavior suggesting that animals underwent tolerance to the 
anxiolytic effect of alcohol. Gene expression analysis revealed that in the AMY one injection of 
ethanol induced a significant up-regulation of PDYN mRNA levels, that remain up-regulated after 
the second injection. During tolerance, an increase of KOP receptor gene expression was detected 
in the AMY, while no changes of both PDYN and KOP receptor mRNA levels were observed in the 
BNST. mRNA alterations here observed in the AMY are similar to what was previously detected in 
the AMY of ethanol dependent rats. ChIP analysis was conducted on PDYN and KOP receptor gene 
promoters in the AMY; PDYN and KOP receptor gene transcription did not seem to be regulated by 
H3K9/K14ac or H3K9me2 since there is no correlation between alterations of these histone 
modifications and gene expression results. However, high levels of H3K27me3 and H3K4me3 in 
the promoter region of PDYN and KOP receptor suggested that these two gene promoters could 
be considered as bivalent promoters. In fact, genes combining two distinctive histone 
modifications, the H3K4me3 and the H3K27me3 mark, are crucial for development and 
differentiation and bivalency has been considered as a powerful epigenetic indicator of stem cell 
potential in neural cells [4-6].  
 
Conclusions: Gene expression study suggested that similar alterations of PDYN and KOP receptor 
mRNA levels are detectable in the AMY of tolerant and dependent animals suggesting that the 
DYN/KOP system is involved in different aspects of alcohol addiction and that the rapid ethanol 
tolerance is a good predictive model for alterations induced by chronic ethanol exposure.  
Moreover, since the activation of DYN/KOP system in the AMY has an anxiogenic role [7], it is 
possible that the increase of PDYN and KOP receptor gene expression counteracts the anxiolytic 
effect induced by ethanol resulting in the lack of anxiolytic behavior observed in the Tolerant 
group. Epigenetic data here reported revealed that ethanol is able to induce an increase of 
H3K27me3 and H3K4me3, two epigenetic marks typical of bivalent promoters levels, at PDYN and 
KOP receptor gene promoters. Considering that bivalent genes are crucial in neuron cell 
development and differentiation [4-6] and ethanol is able to increase the dendritic spine density in 
the AMY [8,9], DYN/KOP system could be involved in the synaptic plasticity phenomena occurring 
in ethanol tolerance. In conclusion, the present study provides new evidence of the role of 
DYN/KOP system and the epigenetic mechanisms regulating its transcription in ethanol tolerance 
and dependence, particularly in relation to the anxiety behavior. 
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