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RELAZIONE:  
 
Background 
 
Neuropsychiatric symptoms including depression frequently occur in about the 30–45% of 
Hepatitis C (HCV) infected patients treated with Interferon-α (IFN-α) forcing to interrupt the 
antiviral therapy. During the last ten years the role of early trauma have been evaluated as 
possible risk factors able to influence the development of depression during IFN-α treatment(1,2). It 
has been proposed that childhood trauma experiences could induce depression development by 
affecting several biological mechanisms including the HPA axis functionality. Indeed a 
hyperactivation of HPA axis, due to an altered glucocorticoid feedback inhibition has been widely 
reported in depressed patients with early life stressful events(3).  
Glucocorticoid hormones are consistently increased also in severely depressed patients and in 
rodent stress models. A large body of evidence has demonstrated that chronically high 
concentrations of glucocorticoids impair several biological systems including hippocampal 
neurogenesis, neuroplasticity and inflammatory system, which have been found altered in 
patients with psychiatric disorders.  
The primary focus of this study was to reveal putative mechanisms underlying IFN-α treatment 
and associated with depression development. We correlated an early trauma event like 
sexual/physical abuse or loss of parents, with the susceptibility to develop depression after IFN-α 
treatment by investigating genes involved in the regulation of the HPA axis functionality. 
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Methods 
 
Prenatal Stress Paradigm: For PNS, pregnant dams were restraint in Plexiglas cylinders under 
bright light during the last week of gestation and male/female offspring were assessed at PND62. 
At this time point, one half of the animals was left undisturbed in their home cages (SHAM), 
whereas the second half was exposed to an acute stress, consisting of a 5 min forced-swim stress 
(STRESS). Animals were sacrificed 15 min after the end of the stress session and hippocampi were 
dissected, immediately frozen on dry ice and stored at −80 °C for later analyses. All the procedures 
were in accordance with the European Economic Communities Council Directive 86/609 1987, 
Decretory Legislative 116/92, and the National Institutes of Health Guide for the Care and Use of 
Laboratory Animals and were approved by the University of Milan Animals Research Committee.  
Recruitment and Assessment of Depressed Patients: We selected 40 healthy controls and 40 
depressed patients characterized for childhood trauma events and furthermore 44 HCV infected 
patients at baseline and after 4 weeks of treatment with IFN-α. All the patients were characterized 
for exposure to childhood trauma events by using the Childhood trauma questionnaire. Depressive 
symptoms were assessed by weekly administration of three established measures of depression 
severity: the clinician-rated 10-item Montgomery–Asberg Depression Rating Scale (MADRS), the 
17-item Hamilton Rating Scale for Depression (HRSD–17) and the Beck Depression Inventory (BDI). 
Controls were screened using the Psychosis Screening Questionnaire (PSQ), and excluded if were 
found criteria for a present or past psychotic disorder.  
Gene Expression Analysis: RNA was isolated from rat tissue using Purezol procedure; Human blood 
was collected in PaxGene Tubes (Qiagen) and RNA was isolated using the PAXGene Blood RNA kit 
(Qiagen). Gene expression analyses were performed by Real Time PCR (TaqMan probe) in a 384 
Biorad Real Time PCR System. 
Statistical Analyses: Gene expression data has been evaluated by analysis of variance (one way or 
two ways) and if necessary, a post-hoc analyses has been applied to detect differences among 
groups.  
 
Results 
 
In order to investigate HPA axis dysfunction, we put the GR in software string and find out the core 

network that influences the regulation of GR expression. This network includes: 

 

o NCOR2: This gene encodes a nuclear receptor co-repressor that mediates transcriptional 

silencing of certain target genes. This protein acts as part of a multisubunit complex which 

includes histone deacetylases to modify chromatin structure that prevents basal 
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transcriptional activity of target genes. Repression is affected by association of unliganded 

receptors with NR corepressors such as NCOR and SMRT. The addiction of a ligand results in 

conformational changes in specific receptor domains with the displacement of corepressors 

and recruitment of coactivators for trans-activation. The hormone drives the equilibrium in 

the direction of activation by destabilizing the repressive state and/or stabilizing the 

activation state. 

o NCOA3: The protein encoded by this gene is a nuclear receptor coactivator that interacts 

with nuclear hormone receptors to enhance their transcriptional activator functions. The 

encoded protein has histone acetyltransferase activity and recruits p300/CBP-associated 

factor and CREB binding protein as part of a multisubunit coactivation complex. This protein 

is initially found in the cytoplasm but is translocated into the nucleus upon phosphorylation. 

Several transcript variants encoding different isoforms have been found for this gene.  

o NFE2L2 (NRF2/erythroid derived 2 like 2): This gene encodes a transcription factor which is 

a member of a small family of basic leucine zipper (bZIP) proteins and it plays a central role 

in cellular defence against oxidative and eletrophilic insults. The encoded transcription 

factor regulates genes which contain antioxidant response elements (ARE) in their 

promoters; many of these genes encode proteins involved in response to injury and 

inflammation which includes the production of free radicals. NRF2 is acetylated at the 

transcription site by the HAT P300/CBP followed by incresed expression of ARE driven 

genes. NRF2 indicates impairment of oxidative detoxification capacity in MDD patients. 

MDD patients are characterized by upregulation of redox-sensitive transcriptional factor 

indicating pro-oxidative state. Chronic Inflammation due to a deletion of NRF2 can lead to 

depressive-like phenotype while induction of NRF2 could become a new target to develop 

novel antidepressant-like effects. 

o PPAR-alpha: PPARs affect the expression of target genes involved in cell proliferation, cell 

differentiation and in immune and inflammation responses. This gene encodes the 

subtype PPAR-alpha, which is a nuclear transcription factor. When the PPAR or RXR 

componets of the heterodimer are bound by agonists, the respective ligand bindings 

domain (LBD) undergo a conformational change that leads to the recruitment of 

coactivators and consequent transcription of target genes. Ligand PPAR was also able to 

inhibit upregulation of monocyte/macrophage specific gene expression such as activation of 

the inducible nitric oxide synthase (INOS) gene in response to IFN. PPAR has abilities to 

interact with coactivators to activate target genes and to repress the INOS promoter in 

response to ligand binding. (Deletion of ligand depended activation domain AF2- loss of 

both transactivation and transrepression functions). 

o NOS2: Nitric oxide is a reactive free radical which acts as a biologic mediator in several 

processes, including neurotransmission and antimicrobial and antitumoral activities. This 

gene encodes a nitric oxide synthase which is expressed in liver and is inducible by a 

combination of lipopolysaccharide and certain cytokines. IFN have been found to induce the 

production of nitric oxide (NO) there is an increasing evidence that no is one of the most 

versatile mediators in the control of viral infections and inflammatory diseases. NO is 
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produced from L-arginine by one of three no syntheses enzyme two costitutive and one 

inducible. The elevated NO levels on the contrary are associated with better response to 

IFN therapy. It has been shown that repeated and unpredictable stress situations increase 

generation of reactive oxygen species (ROS) in the brain, which in turn results in oxidative 

damage in the central nervous system.  

 

 
NCOR2 levels are significantly increased in control female adult rats (PND62) exposed to acute 

stress condition (AS). Acute swim doesn’t modulate mRNA levels in prenatal stress animals 

however the interaction between PS and AS paradigm results significant strictly in female 

animals suggesting that NCOR2 is less responsive in animals previously exposed to PS. Early life 

stress induces a reduction of stress response following a further challenge. (+ 67% ***p<0.001 

vs CTRL; °°° p<0.001 AS X PS)  

 

 

NCOA3 levels are significantly increased in male adult rats (PND62) previously exposed to 

prenatal stress (PS) and the effects are maintained even after acute swim exposure. This 

result suggests  that the up-regulation is mainly caused by PS condition.  In control rats, acute 
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swim induces a lightly enhancement of NCOA3 mRNA levels. This data indicates a more 

pronounced responsivity to long lasting changes of GR down-regulation in male than in 

female.  (+42% *p<0.05 vs CTRL) 

 

 

NFE2L2 levels are significantly reduced in male adult rats (PND62) previously exposed to 

prenatal stress (PS) as well as after acute swim in control female rats. These data suggest that 

a general decrease of antioxidant gene occurs but in different timeliness in responding and in 

gender specific manner. (-21% *p<0.05 vs CTRL; -31% ***p<0.001 vs CTRL) 

 

 

PPARα levels are significantly increased both in male and female adult rats (PND62) previously 

exposed to prenatal stress (PS) but the exposure to a further stressor stimulus, induces a 

different size effect on response according to gender. These data suggest that the reduction of 

ROS production occurs when the system, already undergone early stress events, was 

stimulated to a challenge and furthermore as a nuclear receptor, regulates the transcription of 

gene target downstream NR3C1 thought its activators/repressors. (+38% * p<0.05 vs CTRL; -

12% # p<0.01 vs PS; ° p<0.05 AS X PS) 
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NOS2 levels are significantly decreased in male adult rats previously exposed to prenatal stress 

(PS) but the exposition to a further stressor stimulus, induces a different size effect on 

response according to gender. The same effect occurs in control male adult rats (PND62). 

These data suggest that the reduction of NO production occurs in long-term and immediately 

after stress stimulus but the interaction between AS and PS worsen quantities of NO, 

enhancing inflammatory/immunity response strictly in male rats. On the contrary, a lightly 

reduction in female rats was observed but not in a significant way. (-23% CTRL+AS, -26% PS 

**p<0.01 vs CTRL; °° p<0.01 AS X PS)  

 

 
 

In HCV patients the nuclear coactivator (NCOA3) is mainly down-regulated at the baseline in 

patients characterized by the presence of traumatic events during childhood.  After 4 weeks of 

IFN treatment a different effect occurs in NCOA3 expression depending on time response and 

interaction between Trauma and Depression. On the contrary the corepressor (NCOR2) has a 

different expression and role in NR3C1 regulation. NCOR2 is strictly modulated at the baseline 

due to the interaction Trauma X Depression depending on depression component, meanwhile 

after 4 weeks of therapy any effect occurs. 
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The antioxidant/ant inflammatory gene (NOS2) is modulated in the same way by Trauma event 

at the baseline and after 4 weeks of IFN treatment. On the contrary, the interaction between 

trauma and depression alters the expression of these genes before and after IFN treatment. In 

particular the modulation of NOS2 levels are significantly increased at the baseline thanks to 

the interaction Trauma X depression meanwhile after 4 weeks of treatment no alterations 

occur. PPARα is down-regulated at the baseline in presence of traumatic event and depression 

but following 4 weeks, IFNα treatment interacting with Trauma, increases PPARα mRNA 

expression levels in a significant way meanwhile interacting with the component of depression 

is able to reduce its expression.   (*p<0.05  - **p<0.01 vs No trauma/No depression baseline/ 
#p<0.05  vs No trauma/No depression Week4)  

Conclusions 

In conclusion these data suggest that early life stressful events modulate the glucocorticoid 

receptor functionality via modulation of a set of GR co-activators and co-repressors. The 

inflammatory and oxidative responses take part to this mechanism by acting on these genes 

and on GR expression directly. Alterations in this network could thus explain, at least in part, 

the increased vulnerability to develop depression in HCV patients during IFN-α treatment, and 

IFN-alpha may promote alterations on these genes sensitizing the system. Further analysis on 

epigenetic regulation and histone acetylation could explain more in details the long-term 

effect on this network associated with adverse events during neurodevelopment.     
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