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Evidence to Support The Non-Genomic Modulation of The HPA Axis
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The canonical targets for steroid hormones are cytosolic nuclear
receptors that function to change cellular processes, over hours or
days, through modification of gene transcription, which is considered
a genomic effect [1]. However, controversy in the literature exists from
studies that have demonstrated rapid, non-genomic (transcription
independent) effects of steroid hormones [2]. The purpose of this
editorial is to review the evidence supporting a role for non-genomic
effects of the stress hormone corticosterone in the body’s response to
stress.

Anything that causes a deviation from homeostasis can be
considered a stressor. However, if the stressor is due to an actual or
perceived threat to one’s well-being, the body responds by activating
the sympathomedullary axis (the classical ‘fight” or “flight’ response),
the autonomic response, the hypothalamo-pituitary-adrenal (HPA)
axis and the neuroendocrine response. The HPA axis is initiated by
release of corticotropin-releasing factor (CRF) from the paraventricular
nucleus of the hypothalamus (PVN) into the hypophyseal portal
circulation to bind in the anterior pituitary. Adrenocorticotropic
hormone (ACTH) is then released from the pituitary into the systemic
circulation to bind in the adrenal cortex to cause the synthesis and
release of the glucocorticoid cortisol (corticosterone in rodents).
Corticosterone then acts through feedback inhibitory mechanisms
within the pituitary, PVN and limbic sites such as the hippocampus to
terminate the HPA axis [3]. The inhibitory mechanisms are produced
as the net result of binding to two distinct but related receptors: the
mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR)
[4,5].

Both GR and MR are members of the 3-ketosteroid nuclear
receptor superfamily, which also includes progesterone and androgen
receptors [6]. These receptors act as transcriptions factors, meaning
that they reside in the cytoplasm in a complex of chaperone proteins
and translocate to the nucleus after ligand binding. Corticosterone
is an endogenous ligand for both receptors. MR, the high affinity
receptor, is predominantly occupied under basal corticosterone
secretion, in contrast to the lower affinity GR receptor which is only
bound in response to stress-induced increases in plasma corticosterone
[5,7]. Complexes of ligand-bound homo or heterodimers of GR and
MR within the nucleus can directly bind to DNA and either initiate
transcription if bound with co-activators or inhibit gene expression if
bound with co-repressors [8,9]. While GR is ubiquitously expressed,
MR expression is localized to discrete neuronal populations including
the hippocampus and the hypothalamus [6]. Importantly, while these
slow, genomic effects of GR and MR serve to modify long-term neuronal
physiology, there is increasing evidence from electrophysiological
studies for rapid, non-genomic effects of these receptors through
putative membrane receptors in specific brain nuclei [10].

The effects of corticosterone on the electrophysiology of pyramidal
neurons in the CA1 field of the hippocampus, a region that expresses
both GR and MR, have been extensively investigated. Publications
from the first ten years of research in this field indicated changes in the
excitability of CA1 neurons in response to corticosterone application
that supported a genomic mechanism of action, including a lack of
change in membrane properties in the presence of the protein synthesis

inhibitor cyclohexamide and loss of calcium current increases in mice
with a point mutation in their GR that prevented homodimerization
[11,12]. Whereas more recent evidence for a non-genomic role of
corticosterone was shown in cultured hippocampal neurons through
the use of cell-impermeable corticosterone (bound to bovine serum
albumin) that rapidly activated JNK and p38 signaling, which was
insensitive to GR antagonism and blocked by a protein kinase C
inhibitor [13]. In the same year, Karst et al. [14] demonstrated a role
for membrane associated MR receptors, but not GR receptors, in the
rapid effects of corticosterone on CAl glutamatergic transmission
using patch-clamp techniques in wild-type and tissue-specific GR or
MR knock-out mice. To support the existence of membrane associated
MR, electron microscopy was used to identify MR receptors at pre- and
postsynaptic terminals within the lateral amygdala [15].

In contrast to the membrane MR that dictates the rapid response
to corticosterone in the hippocampus, elegant electrophysiological,
molecular and behavioral studies have demonstrated a role for
membrane GR within the PVN. The initial study by Dietal. [16], used a
combination of selective pharmacological tools, whole-cell recordings
and single cell RT-PCR to build a model for rapid GR inhibition of
parvocellular PVN neurons via retrograde endocannabinoid signaling
to prevent glutamate release from the presynaptic terminals. A follow-
up study by the same researchers in 2005 [17] demonstrated that not
only do membrane GR cause rapid inhibition of glutamate release, but
also facilitate the release of GABA in magnocellular PVN neurons,
providing an additional mechanism to induce inhibition within the
PVN. Concurrently, Johnson et al. [18] demonstrated the presence of
membrane GR in pre- and postsynaptic terminals within the lateral
amygdala, providing direct evidence for the existence of membrane
GR. The in vivo functional consequences of the feedback inhibition
model was shown through inhibition of plasma ACTH and plasma
corticosterone responses to restraint stress in rats treated with cell-
impermeable dexamethasone (a preferential GR agonist) and reversal
of the inhibition with co-administration of a selective cannabinoid
receptor inhibitor [19].

In summary, the classical genomic effects of GR and MR
mediated by corticosterone are relevant to chronic changes in
electrophysiological or morphological properties of neurons within
the stress-axis. However, there is considerable evidence, that the rapid
response to corticosterone is mediated by membrane GR/MR in a
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nuclei specific manner. The functional consequences of this specific
temporal regulation of the response to stress may have implications for
behavioral disorders associated with abnormal cortisol regulation, such
as depression, as well as inappropriate memory formation following
stressful events, as occurs in post-traumatic stress disorder.
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