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Abstract
Stress exacerbates disease, and understanding its molecular mechanisms is crucial to the development of novel 
therapeutic interventions to combat stress-related disorders. The driver of the stress response in the 
Hypothalamic-Pituitary-Adrenal Axis (HPA) is Corticotrophin Releasing Hormone (CRH), a neuropeptide synthesized in 
the Paraventricular Nucleus of the Hypothalamus. Evidence supports that CRH expression is epigenetically modified at 
the molecular level by environmental stimuli, causing changes in the stress response. This effect is mediated by a 
concert of factors that translates an individual’s experience in a changing environment into alterations in gene 
expression. An important regulator and epigenetic modulator of CRH expression is the transcription factor Neuron 
Restrictive Silencing Factor (NRSF).  Previously, our lab identified numerous splice variants of NRSF that are specific to 
humans and predictive of differential regulatory effects on targeted gene expression. The human cell line BeWo has 
endogenous CRH and NRSF expression providing an in vitro model system for the molecular mediation of the initiation 
of the stress response. Here, we show that artificially manipulating NRSF expression through siRNA technology, 
overexpression by plasmid vectors, and generalized pathway cAMP induction, results in differential CRH expression. 
Accordingly, the present research demonstrates an epigenetic regulatory pathway that modifies the response to stress 
in humans and creates new therapeutic avenues for a wide spectrum of stress-related illnesses. 

Background

➢  Stress is a physiological response that can both generate and exacerbate disease

➢ At the molecular level stress is driven by CRH expression in the hypothalamus of the brain

➢ Regulation of CRH expression is mediated by epigenetic alteration due to environmental stimuli

➢ NRSF is a factor that may mediate such a change in humans

Goal

❑ Observe the effects of changing NRSF on CRH in a human cell model of CRH expression

❑ Postulate the possibility of NRSF mediated regulation of the stress response

❑ Identify NRSF as a candidate of reversible stress regulation promoting both resilience and sensitivity depending 

on the molecular context 

A Molecular Mediator Between the Environment and Genes that Modulates the Stress Response 
Vasileios Kreouzis, Gregory M. Miler

Approach

➢ siRNA transfection

➢ NRSF construct transfection 

➢ 8-Br-AMP treatment 

➢ NRSF transcript variation and expression were measured with PCR and qRT-PCR 

respectively.

➢ CRH expression was quantified with qRT-PCR.

Methods

Results

siRNAs Targeting NRSF in Different Regions Result in Different CRH Upregulation   

Figure 1.Differential increase in CRH expression by siRNA downregulation of NRSF, 
suggesting binding site but not NRSF quantitative decrease is responsible (C), ANOVA 
with repeated measures was performed to assess significance, ns:p>0.05, **:p<0.01, 
**:p<0.001

8-Br-cAMP Treatment Associates with NRSF and CRH expression Alterations

Figure 3. Differential changes in NRSF differential promoter c variant expression and 
increasing trend in CRH expression upon time course treatment with 250 uM 
8-Br-cAMP. Independent experiments (n=4) where analyzed with paired two-tailed 
t-test. *: p<0.05 **: p<0.01 ***: p<0.001

NRSF4 Upregulates CRH Expression

Figure 2. Transfection with 2 μg pcDNA3.0 (CTL), NRSF insert (NRSF) and NRSF4 insert 
(NRSF4). Cells were transfected in n=2 independent experiments and selected over a 
period of 2 weeks for generation of a clonal population. 

Conclusions and Impact

Environmental 
     Stimuli

NRSF Integrates Environmental Input

NRSF Protein Changes

Epigenetic Alterations in CRH DNA

Stress Resistance or Sensitivity

NRSF is a positive or negative regulator 
of CRH transcription in human cells. 

NRSF and CRH expression are 
concatenated with global signaling 
through cAMP

Therefore, environmental stimuli directed to the CNS can be integrated by NRSF and 
translated into epigenetics changes affecting CRH expression. Thus, NRSF can be a 
protector and a provoker of adaptations in the stress response. Finally, NRSF 
perturbation could be associated with stress related illness and dysfunction through 
modulation of CRH.

The impact of this project is two fold relating to both diagnostic and therapeutic 
medicine. 

Newly developed methods of molecular imaging in humans can be used to allow for 
potential association of the stress phenotype in humans with alterations in the NRSF 
and CRH system, thus proving the ability of NRSF to serve as a biomarker for 
predicating long-term stress effects  and the possibility of predicting stress before it 
arises.

Additionally, targeting the NRSF and CRH system with pharmacological of genetic 
approaches can allow for tilting of the stress response towards sensitivity or 
resistance. The latter could potentially resolve the burden of stress that exacerbates 
disease or directly allow for the alleviation of stress related illness such as PTSD.
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Figure 4. Distribution of CRH and NRSF RPKMs, a binomial distribution is observed due to the 
threshold observed in NRSF RPKM (approximately 1.5)

NRSF vs CRH Expression in Human Hippocampus


