
Ryan Bailey (13146139)

BIOLOGY 463: Final Project 
NR3C1 Promoter Methylation in Response to Chronic Corticosterone Treatment in Rats 

I. Background 

A recent study by Romens et al. discovered that children exposed to physical maltreatment show 
greater levels of methylation in the promoter region of the NR3C1 gene, a glucocorticoid 
receptor gene.1 It is known that children exposed to physical maltreatment, or other forms of 
early-life stress (ELS), are at a much higher risk to develop various forms of behavioural or 
emotional psychopathology in adulthood.2 It has been proposed that the methylation of the 
NR3C1 promoter results in decreased expression and thus fewer glucocorticoid receptors, 
resulting in persistent and severe dysregulation of the hypothalamic-pituitary-adrenal axis (HPA 
axis) during the stress response.3 It is this chronic dysregulation that is thought to be responsible 
for the increased likelihood of stress disorders and various forms of psychopathology present 
among individuals who have a methylated NR3C1 promoter and who have been exposed to  
ELS.1 

In humans, the corticotropin-releasing hormone (CRH) is released from the hypothalamus 
following exposure to a stressor. CRH then, in turn, acts on the pituitary gland which causes the 
release of adrenocorticotropic hormone (ACTH).1 ACTH then acts on the adrenal gland, causing 
it to produce cortisol.1 Cortisol then binds to glucocorticoid receptors in the hippocampus which 
regulates the immune, endocrine, and digestive systems and also plays a role in self-regulation of 
the HPA axis.1 

Based on the available research all one can conclude is that stressful events early in life are 
associated with increased methylation of the NR3C1 promoter. Also, it is this increase in 
methylation that is associated with decreased amounts of glucocorticoid receptors.3 However, the 
direct mechanism by which the methylation is occurring has yet to be discovered. What aspects 
of the stress response during the early-life stages results in the methylation? Is it based on certain 
environmental factors which consistently co-occur with severe stressors or is it a function of the 
stress response itself? 

Corticosterone in rats, similar to cortisol in humans, serves as the final hormone involved in HPA 
axis regulation and mediation of the stress response.4 Therefore, investigating the effects of 
corticosterone on NR3C1 promoter methylation allows us to discern whether the methylation is a 
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direct result of the stress response, or possibly a function of something further upstream 
following exposure to a stressor. 

This project will propose a plan to investigate the possible effects of increased glucocorticoid 
levels on NR3C1 methylation. Specifically, it will seek to uncover the effects of increased 
corticosterone, the primary glucocorticoid in rats, on epigenetic markers found on the NR3C1 
promoter. 

II. Relevance, Potential Impacts, and Importance of Research Question  
 
Research Question: Do chronically high levels of corticosterone in young and juvenile (10 day, 
15 day, and 20 day old) rats result in increased methylation of the NR3C1 promoter? 

If the mechanism by which the methylation occurs is discovered, or at least investigated, we 
could begin to understand the process by which stress impacts our gene expression on a much 
deeper level. Currently, research has shown that the reduction in glucocorticoid receptors is most 
likely the result of increased methylation and that the methylation is associated with early life 
stress.1,4  At present, research has only identified the correlation between ELS and methylation of 
the NR3C1 promoter, nothing more is known about the specific mechanisms by which the 
promoter comes to be methylated. By uncovering the mechanism responsible we could finally 
put the last piece in the puzzle of decades of research linking early-life stress to psychopathology 
later in adulthood. This could finally elucidate a much clearer and fuller picture of the effects of 
exposure to a chronic stress hormone: not only on our endocrine system but on our genome as a 
whole.  

Severely stressful circumstances are almost always unavoidable, especially in our early years, so 
by discovering the mechanism which causes the methylation to occur we could begin to discover 
what aspect of ELS affect methylation in rats, which could lead to future research in human 
systems. Not only could this reveal a better solution to simply just avoiding ELS altogether, it 
could possibly lead to future drug research on preventative approaches which utilize this newly 
uncovered mechanism to protect against the negative effects of NR3C1 promoter methylation.  

III. Hypothesis 

As outlined above, previous studies have shown that various CpG sites in the promoter region of 
the glucocorticoid receptor gene NR3C1 show increased methylation in patients who have been 
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exposed to ELS.1,5 Further research on mice has shown that chronic treatment of corticosterone 
resulted in increased methylation of the gene FKPB5, a glucocorticoid signalling-related gene.6 
In the same study researchers also looked at methylation of the NR3C1 promoter in adult mice, 
yet found no increase in methylation following chronic corticosterone treatment.6 This leads to 
the possibility that the earlier developmental stages in rodents may serve as a sensitive period to 
chronic levels of corticosterone which could result in epigenetic changes leading to decreased 
expression of NR3C1 and a possible decrease in glucocorticoid receptors. My hypothesis is as 
follows: chronically high levels of corticosterone in young and juvenile rats will result in 
increased methylation of various CpG sites along the promoter region of the glucocorticoid 
receptor gene NR3C1. 

IV. Prediction 

If young/juvenile rats are treated with chronically high levels of corticosterone (see 
“Corticosterone Treatment” section for details) for prolonged periods there will be an increase 
in methylation marks among CpG sites in the promoter region of the glucocorticoid receptor 
gene NR3C1 in cells of the hippocampus. Also, this increase in methylation will not be observed 
in adult rats exposed to chronic corticosterone levels as the young and juvenile stages represent a 
sensitive period. 

V. Proposed Experiment 

The approach that I will be using will test if chronic corticosterone treatment of young and 
juvenile rats is sufficient to increase methylation of various CpG sites in the 1F promoter region 
of NR3C1, as tested in rat hippocampal cells. In order to assess if there is a sensitive period for 
corticosterone adult rats will also be tested. Although glucocorticoid receptors are expressed in 
most cells, the hippocampus has been chosen as decreased levels of hippocampal glucocorticoid 
receptors are associated with HPA axis dysregulation and adult psychopathology in humans.1,4 

Animals: 

In this study Sprague Dawley rats will be used, as rats serve as effective model of mammal 
neurology and neurobehavioral research.8  As discussed in the introduction, corticosterone in rats, 
similar to cortisol in humans, serves as the final hormone involved in HPA axis regulation and 
mediation of the stress response. The rats must be raised under minimally stressful conditions in 
order to avoid false-positive methylation results, as ELS in general is a known to be associated 
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with NR3C1 promoter methylation.3 The protocol for rat treatment and upbringing will be 
followed as per the protocol outlined by Witzmann et al. in their 2012 study.7 As noted, this 
project seeks to also identify if the young and juvenile life stages represent sensitive periods for 
chronic corticosterone treatment and NR3C1 methylation, therefore rats will be grown to 10 days 
(P10, young), 15 days (P15, young-juvenile), 20 days (P20 juvenile), and 50 days (P80, adult). 
These ages have been chosen in concordance with studies of Sprague Dawley rat development.8  

Corticosterone Treatment 

Each age group of rats will consist of 10 rats: 5 control rats and 5 rats who will receive the 
corticosterone treatment. Corticosterone will be delivered to the P10, P15, P20 rats via ad libitum 
access to water containing 100 µg/ml corticosterone with 1% ethanol, and the control rats will 
receive 1% ethanol water. For the P80 rats, access to the corticosterone treated water will be 
made available at P50, as this represents when Sprague Dawley rats have reached sexual 
maturity.8 This corticosterone treatment protocol has been adapted from Lee et al.6 

In order to confirm that chronic corticosterone treatment has successfully resulted in increased 
corticosterone levels within the rats, plasma corticosterone levels will be measured by ELISA. 
Once corticosterone levels have been verified and the rats have reached their prospective desired 
ages they will sacrificed and the hippocampus will be extracted and prepared for the methylation 
analysis. 

Bisulfite Sequencing 

In order to assess methylation, CpG sites 35, 37, and 39-47 of the 1F promoter region of NR3C1 
will be analyzed. These sites have been chosen as they represent sites in which methylation is 
highly correlated to various types of ELS.4 Methylation analysis will be carried out using a 
bisulphite kit used to convert the unmethylated cytosines to uracil, leaving methylated cytosines 
unmodified. This will be followed by pyrosequecncing, a next-generation sequencing protocol 
which “sequences by synthesis,” adapted from Witzmann et al.7 

VI. Possible Results 

Increased methylation among young, young/juvenile, and juvenile rats treated with 
corticosterone, no increase in methylation among controls or P80 rats. 
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If my hypothesis is supported, there should be an increase in total methylation among CpG sites 
35, 37, and 39-47 of the 1F promoter region in the P10, P15, and P20 corticosterone-treated rats. 
This increase in methylation should not be observed in any of the control rats or any of the P80 
rats as they are adults who have outgrown the hypothesized sensitive period. 

From this result we could directly conclude that corticosterone treatment is sufficient to increase 
methylation of the stated CpG sites in the NR3C1 promoter region in young, young-juvenile, and 
juvenile rats. In order to make this conclusion, however, we must assume that during 
development the rats were not exposed to stressful environments. This is imperative as this 
experiment seeks to isolate the direct effects of corticosterone by disassociating corticosterone 
from the overall experience of stress. We could also directly conclude that the P10-P20 stages in 
rat development represent a sensitive period in which rats are particularly susceptible to 
methylation in these regions in response to corticosterone. Thus, we could further infer that 
methylation of the NR3C1 promoter is a direct result the endocrine response to stress and not 
some other co-occurring environmental factor. Even further, one could begin to apply the 
epigenetic effects of corticosterone to other glucocorticoids in other organisms. If this effect is 
seen in rats, the same effect may be observed in humans in response to cortisol. This could lead 
to further possible inferences that increased cortisol levels in childhood may directly lead to the 
methylation of the human NR3C1 gene in a similar way and therefore is the active component of 
ELS responsible for increased levels of stress disorders in adulthood. 

If my hypothesis was supported it would provide precedence to move forward and verify if 
NR3C1 expression is decreased as result of increased methylation of its promoter. This could be 
using an RNA FISH protocol. Additionally, the project could be further extended to quantify the 
number of glucocorticoid receptors in the hippocampus of each of the treatment groups using 
immunofluorescent techniques.  

Increased methylation among all rats treated with corticosterone.  

If my hypothesis is only partially supported, we could expect to see an increase in methylation 
among the CpG sites for all rats exposed to chronic levels of corticosterone when compared to 
the controls. From this we could directly conclude, as above, that chronic levels of corticosterone 
are sufficient to increase methylation of the NR3C1 gene. However, from this result we could not 
comment on the existence of any sensitive period. This result would suggest that the rat is 
susceptible to methylation in response to chronic corticosterone treatment at any point in its life. 



Ryan Bailey (13146139)

No increase in methylation among rats treated with corticosterone. 

If my hypothesis is not supported, we could expect to see no differences in methylation between 
the treated individuals and controls. From this result we could directly conclude that chronic 
corticosterone treatment is not sufficient to increase the methylation of the NR3C1 promoter. 
This possible result would essentially allow for a “ruling out” of any association between 
methylation of NR3C1 and corticosterone. This result could be explained by other mechanisms 
of the stress response possibly acting to induce the methylation commonly associated with ELS. 
As laid out in the introduction, corticosterone release and binding to glucocorticoid receptors is 
the final step in HPA axis regulation. Upstream of glucocorticoids (ie. corticosterone) is the 
release of adrenocorticotropic hormone (ACTH), and even further upstream is the release of 
corticotropin-releasing hormone (CRH).1 Similar experiments to this one could be conducted to 
systemically test the epigenetic effects of these hormones individually, in a sense moving 
backwards through the HPA pathway. If no epigenetic effects are induced through chronic 
treatment of ACTH or CRH one could conclude that the increased methylation associated with 
ELS is not a direct result of the endocrine response. 

If no methylation was observed among the treated rats more research could be done to 
investigate if corticosterone affects methylation in tissues separate from the hippocampus. 
Correlational research has demonstrated association between ELS and NR3C1 methylation in 
human leukocyte cells.4 

VII. Final Notes  

Research has clearly shown a strong association between early-life stress and methylation of the 
NR3C1 promoter, a gene coding for glucocorticoid receptors.1, 2, 3 It has also been demonstrated 
that this increase in methylation is associated to decreased expression and thus a decreased 
amount of glucocorticoid receptors in rodents and humans.1, 3  This decrease in receptors leads to 
dysregulation of the stress response that persists as individuals age leading to increased 
likelihood of developing various stress disorders as an adult.1 This demonstrates a powerful and 
meaningful link between early-life stress, its epigenetic effects, and the serious consequences 
that could result later in life. However, the mechanism by which the NR3C1 promoter becomes 
methylated remains virtually undiscovered. This project seeks to determine if the increased 
methylation is a direct result of one’s hormonal response to stress. Each of the possible outcomes 
of this experiment would provide invaluable clues into how this methylation arises and provide a 
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deeper level of understanding to an already expansive body of research on the mammalian stress 
response.  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