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Abstract  

Opioid and alcohol dependencies are significant public health problems worldwide. 

The causes of drug dependence are complex, comprising both genetic and 

environmental factors. Recent evidence from animal models has shown that opioid-

/alcohol-induced proinflammation within the central nervous system (CNS) plays a 

contributing role in the development of dependence. Proinflammatory cytokines, such 

as interleukin-1 beta (IL-1β), may be involved in the development of opioid/alcohol 

dependence. Thus, genetic polymorphisms in the proinflammatory cytokine genes that 

alter their expression and/or function may alter the risk of dependence in humans. 

Previously, genetic polymorphisms in two genes, IL-1B and IL-1RN, which encode for 

IL-1β and IL-1 receptor antagonist (IL-1Ra), respectively, were shown to be 

associated with altered risk of alcohol dependence. However, this has yet to be 

examined in an opioid dependent population. Therefore, the first major aim of this 

thesis was to examine the possible association between genetic variability of IL-1B 

and IL-1RN in opioid dependent and healthy control populations. In order to confirm 

the previous study within the Australian context, this thesis also examined the 

variability of the IL-1B and IL-1RN genetic polymorphisms in an Australian alcohol 

dependent population. Genomic DNA from opioid dependent subjects (n = 60), 

alcohol dependent subjects (n = 99), and healthy non-dependent subjects (n = 60) 

were genotyped for the IL-1B -31T>C, -511C>T, and 3954C>T single nucleotide 

polymorphisms (SNPs) using PCR-RFLP assays, and IL-1RN VNTR polymorphism 

using a PCR assay. Significant linkage disequilibrium was observed between  

IL-1B -31 and -511 SNPs. IL-1B -511C and -31T alleles were more frequent in both 
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the opioid and alcohol dependent patients compared to the control group: odds ratio 

(OR, 95% confidence interval) = 1.91 (1.14 to 3.20), P = 0.014 and 1.89 (1.19 to 

2.99), P = 0.007, respectively, for IL-1B -511C>T; and OR = 1.74 (1.02 to 2.97), P = 

0.044 and 1.80 (1.13 to 2.87), P = 0.017, respectively, for IL-1B -31T>C. In contrast, 

no association was observed between: the IL-1B 3954C>T SNP and opioid 

dependence; and the IL-1RN VNTR polymorphism and opioid or alcohol dependence. 

This study has shown at least two susceptibility loci, -31T and -511C, in the IL-1B 

gene for opioid dependence, and have also confirmed their involvement in alcohol 

dependence. 

 

With the findings of the significant association between IL-1B SNPs and opioid 

dependence, one important question raised is how drug-induced brain IL-1β 

expression affects the actions of these drugs, and thereby contributes to dependence. 

In an attempt to answer this question, I designed my second main study using different 

strains of mice. The primary aim of this study was to investigate whether the 

differences in opioid-induced brain IL-1β expression contribute to the differences in 

opioid tolerance and withdrawal behaviours. In addition, opioid-induced CNS glial 

activation is reported to occur via non-classical opioid mechanisms, engaging the toll-

like receptor 4 (TLR4) and a series of downstream signalling pathways including 

MyD88-dependent pathways. However, the behavioural consequence of TLR4 and 

MyD88-dependent signalling pathways in opioid tolerance and withdrawal has yet to 

be examined. Therefore, this study also aimed to examine the role of TLR4 and 

MyD88-dependent pathways in opioid actions. Chronic morphine-induced tolerance 

and dependence were assessed in 3 inbred wild-type mouse strains (Balb/c, CBA, and 

C57BL/6) and 2 knockout strains (TLR4 and MyD88). Analysis of brain nuclei 
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(medial prefrontal cortex, cortex, brain stem, hippocampus, and midbrain and 

diencephalon regions combined) revealed that, of inbred wild-type mice, there were 

significant main effects of morphine treatment on IL-1 expression in the brain 

regions analysed (P < 0.02 for all regions analysed). A significant increase in 

hippocampal IL-1 expression was found in C57BL/6 mice after morphine treatment, 

whilst, a significant decrease was found in the medial prefrontal cortex region of wild-

type Balb/c mice. Furthermore, the results of wild-type inbred strains demonstrated 

that the elevated hippocampal IL-1 expression was associated with withdrawal 

jumping behavior. Interestingly, knockout of TLR4, but not MyD88 protected against 

the development of analgesic tolerance. All these data support the involvement of 

opioid-induced brain IL-1 expression in dependence development. 

 

Together, this thesis provides the first human evidence for the contribution of IL-1β 

release in opioid dependence, and animal data supporting the involvement of CNS 

immune signalling in the development of opioid dependence, and confirmed the IL-1B 

genetic findings in alcohol dependence.    
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