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Progetto 

 

 Effects of social isolation during adolescence on neuroinflammatory-related processes in male 

and female adolescent rats. 

 

 

Early social and emotional experiences differently shape individual's neurodevelopment inducing 

substantial changes in neurobiological substrates and behavior (Rullo et al., 2023). Exposure to early 

life adversity (ELA) affects brain development differentially, depending on the type of adversity and 

the timing of exposure. ELA may trigger chronic neuroinflammation, which in turn affects key brain 

structures and functions, particularly in regions like hippocampus, amygdala, prefrontal cortex, and 

ventral tegmental area (Andersen, 2022). Early life stress (ELS) may induce long-lasting epigenetic 

modifications (e.g., DNA methylation) that increase vulnerability to neuroinflammation later in life, 

perpetuating a cycle of stress and immune dysregulation. For instance, it has been shown that 

overactivation of the amygdala due to neuroinflammation can lead to heightened emotional reactivity 

and increased susceptibility to anxiety disorders. Similarly, prolonged isolation during adolescence, 

which represent another critical developmental window, led to increased anxiety-like behaviors. 

These behavioral changes were accompanied by heightened excitability of pyramidal neurons in the 

basolateral amygdala, a brain region central to emotional processing (Lin et al., 2017).  

Chronic stress and neuroinflammation may also impair the development of the prefrontal cortex, 

which is associated with decision-making, impulse control, and attention. In this frame, epigenetic 

mechanisms, including the activity of Jmjd3 (or KDM6A, histone demethylase), play a pivotal role 

in how early-life experiences like maternal separation have long-lasting effects on brain development. 

Maternal separation (an early-life stressor) likely triggers the activation of Jmjd3 in brain regions like 

the prefrontal cortex and hippocampus. 

 

 

 Once activated, Jmjd3 demethylates repressive histone marks (H3K27me3), leading to the 

expression of genes involved in inflammatory pathways. This includes cytokines and other 

inflammatory mediators. Therefore, early-life stress can "program" certain genes to become more or 

less active later in life through epigenetic modifications. For example, Jmjd3’s activation may be an 

adaptive response to stress in early life, but over time, its role in promoting neuroinflammation may  
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become maladaptive, contributing to vulnerability to psychiatric disorders (Wang et al., 2020). 

Interestingly, social isolation during adolescence increased levels of H3K27me3 in the prefrontal 

cortex of female mice, specifically at promoters of genes related to synaptic function and plasticity 

(Li and Yan, 2023). 

Neuroinflammation also influences opioid and cannabinoid receptor signaling, as chronic 

inflammation can desensitize or downregulate these receptors, contributing to the dysregulation of 

pain and reward circuits. The endocannabinoid and opioid systems play protective roles in regulating 

stress and neuroinflammation, and their dysregulation due to epigenetic changes from stress during 

critical windows of development can have long-term consequences. The combined effects of 

epigenetic changes, neuroinflammation, and dysregulation of the endocannabinoid and opioid 

systems create a feedback loop that increases vulnerability to various psychiatric and neurological 

disorders (Catale et al., 2022). 

It has previously been demonstrated that KDM6A increases in response to proinflammatory signaling, 

influencing the transcription of genes that PPARs regulate. PPARα and PPARγ, important in reducing 

inflammation and metabolic stress, are modulated by the activity of KDM6A. When KDM6A is 

inhibited, there is an increase in the expression of PPARs, indicating a balancing act between these 

molecules to control neuroinflammatory processes (Rullo et al., 2021).  

Based on this evidence, the aim of this research project will be the evaluation of potential molecular 

alteration induced by social isolation during adolescence on KDMs, PPARs, and neuroinflammation 

mediators such as ILs, TNF-, as well as endogenous opioids and their receptors. To assess this aim, 

molecular analysis will be performed in stress- and emotional-related brain area (hippocampus, 

amygdala, prefrontal cortex, and ventral tegmental area) of adolescent male and female rats housed 

in either standard condition or subjected to a protocol of social isolation (during post-natal day 20-

45). 

 In addition, since several evidence suggested also a critical role of the dynorphin/kappa opioid 

receptor (KOR) system in mediating the behavioral and neurobiological consequences of social  

isolation stress, particularly through its interaction with neuroinflammatory pathways (Haj-Mirzaian 

et al., 2019; Karkhanis et al., 2016; Zan et al., 2022), the expression and regulation of dynorphin and 

KOR will be examined. 
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This approach will allow for the identification of sex-specific and region-specific molecular 

signatures associated with adolescent social isolation, providing insights into the mechanistic 

underpinnings of stress-related vulnerability to psychiatric disorders.  

 

References 

 

Andersen SL. Neuroinflammation, Early-Life Adversity, and Brain Development. Harv Rev 

Psychiatry. 2022 Jan-Feb 01;30(1):24-39. doi: 10.1097/HRP.0000000000000325. PMID: 34995033; 

PMCID: PMC8820591. 

Catale C, Carola V, Viscomi MT. Early life stress-induced neuroinflammation and neurological 

disorders: a novel perspective for research. Neural Regen Res. 2022 Sep;17(9):1971-1972. doi: 

10.4103/1673-5374.335152. PMID: 35142680; PMCID: PMC8848617. 

Haj-Mirzaian A, Nikbakhsh R, Ramezanzadeh K, Rezaee M, Amini-Khoei H, Haj-Mirzaian A, 

Ghesmati M, Afshari K, Haddadi NS, Dehpour AR. Involvement of opioid system in behavioral 

despair induced by social isolation stress in mice. Biomed Pharmacother. 2019 Jan;109:938-944. doi: 

10.1016/j.biopha.2018.10.144. Epub 2018 Nov 5. PMID: 30551548. 

Karkhanis AN, Rose JH, Weiner JL, Jones SR. Early-Life Social Isolation Stress Increases Kappa 

Opioid Receptor Responsiveness and Downregulates the Dopamine System. 

Neuropsychopharmacology. 2016 Aug;41(9):2263-74. doi: 10.1038/npp.2016.21. Epub 2016 Feb 10. 

PMID: 26860203; PMCID: PMC4946054. 

Lin S, Li X, Chen YH, Gao F, Chen H, Hu NY, Huang L, Luo ZY, Liu JH, You QL, Yin YN, Li ZL, 

Li XW, Du ZJ, Yang JM, Gao TM. Social Isolation During Adolescence Induces Anxiety Behaviors 

and Enhances Firing Activity in BLA Pyramidal Neurons via mGluR5 Upregulation. Mol Neurobiol. 

2018 Jun;55(6):5310-5320. doi: 10.1007/s12035-017-0766-1. Epub 2017 Sep 15. PMID: 28914419. 

Li P, Yan Z. An epigenetic mechanism of social isolation stress in adolescent female mice. Neurobiol 

Stress. 2023 Dec 18;29:100601. doi: 10.1016/j.ynstr.2023.100601. PMID: 38213831; PMCID: 

PMC10776430. 

 

Rullo L, Franchi S, Amodeo G, Caputi FF, Verduci B, Losapio LM, Sacerdote P, Romualdi P, 

Candeletti S. Interplay between Prokineticins and Histone Demethylase KDM6A in a Murine Model 

of Bortezomib-Induced Neuropathy. Int J Mol Sci. 2021 Nov 3;22(21):11913. doi: 

mailto:fabit.direttore@unibo.it


 

 

DIREZIONE 
Via San Donato 15  |  40127 Bologna |  Italia  |  fabit.direttore@unibo.it 
 

10.3390/ijms222111913. PMID: 34769347; PMCID: PMC8584499. 

 

Rullo L, Losapio LM, Morosini C, Mottarlini F, Schiavi S, Buzzelli V, Ascone F, Ciccocioppo R, 

Fattore L, Caffino L, Fumagalli F, Romualdi P, Trezza V, Candeletti S. Outcomes of early social 

experiences on glucocorticoid and endocannabinoid systems in the prefrontal cortex of male and 

female adolescent rats. Front Cell Neurosci. 2023 Dec 20;17:1270195. doi: 

10.3389/fncel.2023.1270195. PMID: 38174157; PMCID: PMC10762649. 

Wang R, Wang W, Xu J, Liu D, Wu H, Qin X, Jiang H, Pan F. Jmjd3 is involved in the susceptibility 

to depression induced by maternal separation via enhancing the neuroinflammation in the prefrontal 

cortex and hippocampus of male rats. Exp Neurol. 2020 Jun;328:113254. doi: 

10.1016/j.expneurol.2020.113254. Epub 2020 Feb 19. PMID: 32084453. 

Zan GY, Sun X, Wang YJ, Liu R, Wang CY, Du WJ, Guo LB, Chai JR, Li QL, Liu ZQ, Liu JG. 

Amygdala dynorphin/κ opioid receptor system modulates depressive-like behavior in mice following 

chronic social defeat stress. Acta Pharmacol Sin. 2022 Mar;43(3):577-587. doi: 10.1038/s41401-021-

00677-6. Epub 2021 May 25. Erratum in: Acta Pharmacol Sin. 2023 May;44(5):1107-1108. doi: 

10.1038/s41401-022-01016-z. PMID: 34035484. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

mailto:fabit.direttore@unibo.it

